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EFFECT OF ELECTROLYTES ON THE STABILITY AND ELECTRO- 
KINETIC POTENTIAL OF VANADIUM PENTOXIDE AND 
CHROMIUM HYDROXIDE SOLS 


By B. N. Guosu, R. N. Roy CHowpHury AND D. P. BuRMAN 


It has been observed that for the same rate of setting the electrokinetic potential of vanadium 
pentoxide sol in presence of different electrolytes is almost the same, the values ranging from —43 to 
—45 mi'livolts when the setting takes place in 2 minutes and from —35 to —37 millivolts when the 
setting takes place in 1 minute, the electrolytes used being chlorides of sodium, potassium, magnesium, 
barium, calcium and aluminium. The electrukinetic potential of positively charged chromium hydro- 
xide sol has also been measured in presence of ferrocyanide, oxalate, sulphate, hydroxide and benzoate 
of potassium and for the same rate of coagulation with different counter ions, its value ranges from 
24 to 25 millivolts. The results thus point to the existence of a critical zone of potential for the co- 


agulation of these two sols. 


Although the importance of electrokinetic potential in determining the stability 
of cclloidal solutions has been fully recognised, yet there is much controversy over 
the existence of a critical potential at or below which the coagulation of a colloid by 
electrolytes can occur. In this connection reference should be made to the works of 
Powis (Z. physikal. Chem., 1915, 89, 110; J. Chem. Soc., 1916, 109, 734), Kruyt and 
Willigan ‘Z. physikal. Chem., 1927, 130, 159), Ghosh (J. Chem. Soc., 1929, 2963), 
Mukherjee and Ganguly (this Journal, 1930, 7, 465) and Mukherjee and Chowdhury 
(Sci. & Culture, 1935, 1, 111). In view of the conflicting results obtained by the 
different workers, much further work on this subject is necessary before a satisfactory 
conclusion can be drawn. ‘The present investigation was undertaken with this object 
in view and the data obtained using vanadium pentoxide and chromium hydroxide 
sols are recorded in this paper. 


ExPERIMENTAL 


Vanadium Pentoxide Sol.—The V,0; sol was prepared according tothe method 
of Blitz (Ber., 1904, 37, 1008) by treating a known weight of ammonium vanadate with 
slight excess of hydrochloric acid and washing the precipitate with distilled water 
until peptisation started. The precipitate was then shaken vigorously with the desired 
quantity of distilled water and subjected to dialysis. The dialysis was stopped when 
the water outside gave only a very faint test of chloride. The solution was stored in a 
stoppered Jena glass bottle and allowed to age for about a month. 

Chromium Hydroxide Sol.—The positively charged chromium hydroxide sol was 
prepared by treating a concentrated chromic chloride solution with ammonium carbo- 
- nate solution just insufficient to cause any visible precipitation and then subjecting 

the mixture to hot dialysis according to the method of Needle and Barman (J. Amer. 
8 Chem. Soc., 1916, 88, 1961). When the chloride content of the outside solution was 
reduced almost to nil, the dialysis was stopped and the solution was transferred to a 


é Jena glass bottle. ‘The bottle was “— AsTHey 
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Coagulation of Colloids by Electrolytes 


(i) Vanadium Pentoxide Sol.—It has been observed that V,O, sol sets to a gel on 
the addition of an electrolyte and this gel structure remains unbroken even on inverting 
the test tube. The time of gel formation varies with the concentration of the electrolyte 
added and is found to be quite sensitive to small changes in concentration of the electro- 
lyte. The concentration of the various electrolytes, which bring about the setting 
of the sol in a definite time, say 2 minutes, is determined carefully. For this purpose 
2 c.c. of the sol are taken in each of a number of test tubes and 2 c.c. of an 
electrolyte having different concentrations are added to each one of them from another 
set of test tubes. In each case, after addition of the electrolyte, the mixture is 
transferred back into the test tube from which the electrolyte has been added. Each 
tube is tilted now and then to see whether the colloid has set toa gel. Time required 
for setting is noted by means of astop-watch. ‘The concentrations of the electrolytes 
are so adjusted that the setting of the sol to gel takes place just in 2 minutes in one 
set of experiments and just in 1 minute in another set of experiments. ‘The resu'ts are 
recorded in Table I. 

(ii) Chromium Hydroxide Sol.—In the case of chromic hydroxide sol the concen- 
trations of the different electrolytes which bring about its coagulation in a given time is 
determined in the following way. 

The sol (2c¢.c.) is taken in a test tube and 2 c.c. of an electrolyte of known 
concentration are added toit. The mixture after shaking is transferred toa centrifuge 
tube and centrifuged always at a definite speedfor 5 minutes. After this the centri- 
fuge ‘tube is examined to ascertain if the particles have settled at the bottom occupying 
a definite volume and leaving the supernatant liquid clear. ‘The concentrations of 
the various electrolytes. which just produce this desired effect, are taken to be equico- 
agulating. By the procedure described above the values of the equicoagulating concen- 
trations of electrolytes are found to be reproducible within 5%. 


Measurement of Eiectrokinetic Potential 


The electrokinetic potential was; measured by using an apparatus similar to that 
used by Mukherjee and co-workers (Nature, 1922, 110, 732) and also by Ghosh and 
Roy (this Journal, 1939, 16, 634). ‘The electrokinetic potential has becn calculated from 
the following equation derived by Perrin (J. chim. phys., 1904, 2, 601). 

tam 4ankv 

. Di 
where € represents the electrokinetic potential ; », the coefficient of viscosity and D, the 
dielectric constant of the dispersion medium ; v, the volume of the liquid flowing through 
the diaphragm per second and i, the electric current. 


Formation of the Diaphragm 


The -solition (30 ¢.c.) was taken in a dry beaker and 30 c.c. of the electrolyte 
added to it with constant stirring so that the mixing was thoroughly done. A definite 
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volume of the mixture was then transferred to the U-tube of the electro-osmotic appra- 
tus. The U-tube was put ina bag and centrifuged for 15 minutes always at a constant 
speed so that the degree of packing of the coagulum at the bottom of the tube was 
nearly the same in all cases. The remaining portion of the mixture was also centrifug- 
ed to separate the coagulum. The clear solution at the top in the case of chromium 
hydroxide sol was taken and its conductivity measured. In the case of vanadium pent- 
oxide sol the specific conductivity of the mixture of’the colloid and the electrolyte was 
measured. Next the U-tube and the side tubes were filled up with this clear liquid or a 
solution of an electrolyte of the same sp. conductivity. The electrokinetic potential of 
the coagulum was determined by the electro-endosmotic method as already described, 
and the results are recorded in Tables Iand II. It should be noted here that with 
vanadium pentoxide solution the different electrolytes uscd as coagulator (e.g., NaCl, 
KC1,CaCl,, BaCl,, MgCl, and AICI;) have the same anion, only the cations, which are 
directly responsible for the coagulation of the negatively charged solution differ. ‘The 
electrolytes were selected in this manner to eliminate any irregularity which might 
have caused by different anions. Further, in order to study the effect of valency on 
coagulation cations of different valency (uni, bi and tri) have been used. With chrom- 
ium hydroxide solution, the cation has been kept the same, while the nature of the 
anions has been varied to study their effect on the coagulation of the solution. 


TABLE I 
Electrokinetic potential of V2Os Sol in presence of different electrolytes. 
Dielectric constant (D)=81. 


Conc. of the elec- Time of co- Sp. conduc- Electroendosmotic Current Electrokinetic 
trolytes. agulation. tivity (x). flow in c.c. per sec. (i). potential, 


Sodium chloride solution. 


0.0750 N 2 min. 0.00770 mho 0.0006992 0.02 amp. — 43-6 m. volts 
0.0825 I -O1140 0003804 ” — 35:1 
0.0925 re) 01143 -0004030 - — 26.6 
0.1000 o .01200 -0003272 ”” “22.7 


Potassium chloride solution. 


0.0224 2 0.00343 0.001154 0.015 —42.8 
0.0230 I .00400 .001103 0.020 —35-8 © 
0.0237 o -00400 .001033 ia — 31.8 
0.0300 ° .00500 .000488 a —19.8 
0.0448 0 .00750 -0003876 “i — 16.8 
Barium chloride solution. 
0.0015 2 0.0004800 0.004330 0.0075 —45.0 
0.0016 I -0005300 -003720 -0090 — 35.2 
0.0018 0 0005583 .C02689 - — 25.7 
©.0030 (3) -0007 500 .001556 .0100 13-5 
0.0060 Fs) .0012000 000568 i. — 9.5 





Ccuc. of the elec- 
trolytes. 


0.00136 N 
0.00148 
0.00200 


0.00273 


©.00165 
0.00186 
0,0033 


0.0045 


0.000813 
©.00085 
0.001625 


0.0025 


Time of co- Sp. conduc- Electroendosmotic 
agulation. tivity (x). flow in c.c. per sec. 
Calcium‘chloride solution. 
2mins. 0.0005106 mho. 0.004065 
I -0004890 -003543 
° 0005854 .002610 
0 .0007273 -001677 
Magnesium chloride solution 
2 0.0005 106 0.005348 
I .0004800 -003832 
o .0007384 -001912 
3) .0008889 -001744 
Aluminium chloride solution. 
2 0.0002960 0.006298 
I .0004800 .002714 
0 -0005217 000775 
© .0006048 000439 
TABLE IT 


Tape I (contd.) 
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Current Electrokinetic 
(i). potential. 
0.0075 amp. — 44.8 m. volts. 
.0080 — 35-4 
2080 — 22.0 
.0090 —15.9 
0.010 — 44.2 
.0c8 — 37-2 
.008 — 20.5 
oIo —17.9 
0.007 —43.1 
.006 — 35.2 
.006 —- 7.8 
.006 - 08 


Electrokinetic potential of chromium hydroxide sol in presence of diff. electrolytes. 


Conc. of the elec- 
trolyte. 


© 03325 N* 


0.0135" 
0.0150 
0.0165 


0.0180 


0.0110* 
0.0120 
0.0132 
0.0150 
0.0180 
0.0200 
0.0250 





Dielectric constant (D) of medium =81. 


Sp. conducti- 
vity («). 


0.003871 mho. 


0.002034 
.002162 
002297 


002400 


0.001880 
.002180 
.002243 
.C02504 
-003000 
.003240 
-003934 


Electroendosmotic 
flow in c.c. per sec. 


Potassium benzoate. 
0.000775 
Potassium hydroxide. 
0.001320 
.000388 
— .000388 
— .00121§ 
Potassium sulphate. 


0.001718 
.001307 
.000956 
.000584 
.000388 
000258 
-000103 


Current Etectrokinetic 
(i). potential. 
0.0215 amp. 23.1 m. volts 
0.0215 20.7 

” 6.5 
9» - 69 
” —22.4 
0.0215 25.0 
re 21.5 
9s 16.5 
- 11.8 
” 8.9 
” ; 6.4 
” 3.1 
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ELECTROLYTE 





EFFECT OF 


TasLe II (contd.) 


Conc. of the elec- Sp. conducti- Electroendosmotic Current Electrokinetic 
trolyte. vity (x). flow in c.c. per sec, (i). potential. 


Potassium oxalate. 


0.011" N 0.001928 mho, 0.001550 0.0215 amp. 23.0 volts. 
0.012 002000 .001068 - 16.4 
0.0132 2002189 -000400 9° 6.7 
0.015 -002500 — .000174 ” - 34 
0.050 .006960 — .000341 i 20.7 


Potassium ferrocvanide. 


0.00275* 0.001811 0.0001666 0.0215 23.2 
0.00285 001975 .001330 9 20.2 
0.09315 002133 .000258 rm 4.2 
0.€0350 .002254 — .000905 ae —15.7 
0.00400 002487 — .001253 - — 24.0 


* Indicates equicoagulating concentrations. 


DISCUSSION 


It will be noted from the data recorded in Table I that the concentrations of the 
electrolytes required to bring about the transition from the sol to the gel state in the 
case of vanadium pentoxide solution, follow in general the Linder-Picten-Schulze-Hardy 
valency rule. The trivalent aluminium ion is more effective than the divalent ions 
and the latter, more effective than the monovalent ions. Of the two monovalent ions, 
sodium and potassium, the latter is decidedly stronger than the former in producing 
gel formation. 


The data recorded in the same table show that as the concentration of an electrolyte 
increases, the magnitude of the electrokinetic potential of vanadium pentoxide gel 
diminishes, 


If we compare electrokinetic potential of the gel at those concentrations of the 
different electrolytes at which the setting of the sol takes place in 2 minutes, we find 
that the value is fairly constant, lying between —43 and —45 millivolts. Furthermore, 
at those concentrations at which setting takes place in one minute, the electrokinetic 
potential of the gel ranges between —35 and —37 millivolts. If the rate of setting is 
taken as a measure of the degree of instability of the vanadium pentoxide sol then the 
results recorded above are in agreement with the theory of critical potential. 


The coagulation of chromium hydroxide sol has been measured using such electro- 
lytes as potassium benzoate, potassium hydroxide, potassium sulphate, potassium oxalate 
and potassium ferrocyanide. In this case also the valency rule for the coagulation of 
the colloids has been found to hold good. If the concentrations of the different electro- 
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lytes required to bring about the coagulation of the sol in 5 minutes be compared among 
themselves, it will be noticed that their coagulating power is in the following order : 

Ferrocyanide > oxalate > sulphate > hydroxide > benzoate. 

Tt will also be noticed from the data recorded in Table II that the electrokinetic 
potential of chromium hydroxide sol diminishes almost linearly with the increase in 
concentration of the electrolytes. In some cases the electrokinetic potential has actually 
been reversed in sign with the use of higher concentrations of the electrolytes. If the 
electrokinetic potential of the colloidal particles in presence of equicoagulating concen- 
trations of the different electrolytes be compared it wiil be noticed that its vaiue ranges 
between 21 and 25 millivolts. 

The results so far obtained with chromium hydroxide and vanadium pentoxide 
sols therefore indicate that these sols become unstable when their electrokinetic poten- 
tial on an average falls below 23 millivolts and 44 millivolts respectively. These obser- 
vations therefore support the ‘theory of critical potential’ regarding the coagulation 


of colloids. 


DEPARTMENT OF PHYSICAL CHEMISTRY, 
UNIVERSITY COLLEGE OF Screnck & TECHNOLOGY, 
CALCUTTA. 


Received March 24, 1950. 
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SYNTHESIS OF CYANINE DYES BY THE CONDENSATION OF 
p-DIETHYLAMINOBENZALDEHYDE WITH APPROPRIATE 
HETEROCYCLIC COMPOUNDS. PART IV 


By M. Q. Doja AND JoGESH CHANDRA BANERJEE 


The effect of the substitution of methoxy, ethoxy, chloro and bromo groups in the 6 position of 
2-p-diethylaminostyrylbenzthiazole methiodide has been studied. The absorption and sensitisation 
spectra of these four substituted dyes have been recorded and compared with those of the unsubstituted 
dyes. The chemical and other properties have been studied and a few “‘intermediates” have been 
described. 


It is an established fact that the substitution of different groups in a particular 
position of a class of cyanine dyes materially affects the sensitising power of the dyes 
(Mills and Pope, Phot. J., 1920, 44, 183). The inhibition or augmentation of the 
extra-sensitisation seems to depend upon the characteristics of the group attached. The 
effect of the substitution of chlorine and bromine atoms in thiocyanines, thiocarbocy- 
anines etc., has been studied by Beilenson and Hamer (J. Chem. Soc., 1936, 1223). 
They observe that the introduction of one halogen atom into thia-1'-cyanine and thia-2’- 
cyanine does not affect the absorption. When introduced into the simple thiacarbocy- 
anines, even two halogen atoms have no effect, but with the other kind of dyes e.g. 
thiacyanine, thiadicarbocyanine and thiatricarbocyanine, the effect of introducing two 
halogen atoms is to shift the absorption maximum 50-1004 towards the red end. In 
conclusion they generalise that the shift of the absorption maximum is about the same 
whether the molecular weight is increased by chlorine or bromine atoms. 

On the sensitisation also they observe analogously with Moudgil (ibid., 1922, 121, 
1509), that the introduction of a single halogen atom into the molecule has no effect, 
while two halogen atoms shift the maximum towards the red end by an amount varying 
from o-100& and in some cases the sensitising action is weaker than the corresponding 
unsubstituted dyes. 

In the present work the effect of introducing different groups in a particular position 
of the p-diethylaminostyryl type of cyanine dyes on their absorption and sensitisation 
has been studied. 

For this purpose four new dyes have been prepared by the introduction of methoxy, 
ethoxy, chloro and bromo groups in the 6 position of 2-p-diethylaminostyrylbenzthiazole 
methiodide (1). 
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The methiodides have in all cases been prepared by heating the base with methyl 
iodide (1: 1.5) in a sealed tube for 24 hours. The solids were taken out by dissolving 
in water, the solution was filtered and evaporated to dryness. ‘The unchanged base was 
removed by repeated extraction with ether and the residue recrystallised from water. 

The syntheses have been effected by the condensation of p-diethylaminobenzaldehyde 
with 5-methoxy-,-5-ethoxy-,-5-chloro- and 5-bromo-benzthiazole methiodides by refluxing 
the reactants in absolute alcohol using piperidine as a catalyst. 

Alcoholic solutions of the first two dyes are reddish in colour, while those of the 
last two are magenta coloured. ‘The chief characteristics of the dyes have been summa- 


rised in Table I. 


In column 4 of Table I the pleochroism of the dyes as determined by a polarising 
microscope (Doja and Prasad, this Journal, 1942, 19, 125) has been given. 

The first sub-column gives the colour of the crystals in one position of the analyser, 
the second, after the analyser has been turned through go”. 

The colours of the reflected light from the surface of the crystals are given in 
column 5, while column 6 shows the comparative intensities of the solutions of the dyes 
as determined by a Duboscq colorimeter. 


Fig. 1 


M 


Unbathed 





The relative resistances to decolorisation by N/100- HCI to 2 c.c. of 1; 50,000 
solutions of the different dyes in rectified spirit have been determined by titration. he 





ADR haa 4 














SYNTHESIS OF CYANINE DYES 9 


different titres have been divided by the lowest, and the results given in column 7. 

The frequencies of maximum absorptions, determined by means of a Wedge spec- 
trograph, are given in column 9. 

The fluorescence of weak alcoholic solutions ‘cf. Doja, this Journal, 1940, 17, 348) 
determined with the help of Wallace colour filters, is given in Table I1. 


Silk, cotton and wool dyed in the usual way yield shades as are summarised in 
Table III. Shades thus obtained are washable. 

Photographs of sensitisation spectra of these dyes as determined by means of a 
Wedge spectrograph are shown in Fig. 1. 

The absorption spectra like those of other styryl compounds are all single banded 
(Bloch and Hamer, Phot. J., 1930, 54, 374). The substitution has in all cases depressed 
the sensitisation. ‘Thus, whereas the unsubstituted 2-p-diethylaminostyrylbenzthiazole 
methiodide shows an extra-sensitisation from 54004 to 64004 (Doja and Banerjee, this 
Journal, 1946, 28, 217), the 6-chloro- and 6-bromo-substituted dyes have produced no 
extra-sensitisation. The alkoxy groups, which generally confer a great extra-sensitisa- 
tion to the dyes substituted with these groups (vide, K. Mees, ‘“The Theory of Photo- 
graphic Process’’, The McMillan Company, New York, 1944, Pp. 1022), have in the 
cases studied, produced very little effect. Thus it appears that the extra-sensitisation 
associated with the substitution of the alkoxy groups, has to a considerable extent been 
depressed by substitution in the 6 position of the dye. 


EXPERIMENTAL 


2-Methyl-6-methoxybenzthiazole methiodide was prepared from 2-methyl-6-me- 
thoxybenzthiazole (Annalen, 1913, 401, 208) and methyl iodide in 87% yield, m.p. 237.° 
(Found : I, 39.49. CioH,,ONSI requires I, 39.56 per cent). 

2-p-Diethylaminostyryl-6-methoxybenzthiazole Methiodide.—2-Methyl-6-methoxy- 
benzthiazole methiodide (0.321 g.) and p-diethylaminobenzaldehyde (0.177 g.) and 5 
c.c. of absolute alcohol were refluxed with 2 drops of piperidine for 2 hours. ‘The dye 
which separated out on cooling was recrystallised from methyl] alcohol, m.p. 225°. (Found : 
N, 5.76; I, 25.61. C.,H.,ON,.SI requires N, 5.83 ; I, 26.46 per cent). 

2-Methyl-6-ethoxybenzthiazoie methiodide was prepared from  2-methy!l-6- 
ethoxybenzthiazole (Annalen, 1913, 401, 208) and methyl iodide, m. p. 225°, yield 
85%. (Found: I, 37.5. C,,H,,ONSI requires I, 37.91 per cent). 

2-p-Diethylaminostyryl-6-ethoxybenzthiazole Methiodide.—2-Methy]-6-ethoxybenz- 
thiazole methiodide (0.335 g.), -diethylaminobenzaldehyde (0.177 g.) and absolute 
alcohol (5 c¢.c.) were refluxed for 4 hours with 2 drops of piperidine. The dye that 
separated on cooling was recrystallised from methyl alcohol,m. p. 224°. (Found: N, 
5.61; I, 25.62. C.2H.,ON.SI requires N, 5.67; I, 25.71 per cent). 

2-Methyl-6-chlorobenzthiazole methiodide was prepared from 2-methyl-6-chloro- 
benzthiazole (Beilenson and Hamer, loc. cit.) and methyl iodide, m.p. 278°-So°, yield 
83%. (Found: I+Cl, 50.13. C,HyNSCII requires 1 +Cl, 49.92 per cent). 

2—1777P—1 
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Compound. 


From of crys- 
tal. 


Mauve 
felted 
needles 


44 Thin 
magenta 
needles 


Dark 
shining 
needles 


Steel-blue 
scintillating 
needles 


22.7 


L—2-p-Diethylaminostyryl-6-methoxybenzthiazole methiodide. 
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Pleochroism 
gs. 2 
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“= © a ° 
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&s 2&5 
Deep Opaque 

magenta 
Colorless Fringing 
at blue 
Maroon Nearly 
opaque 
Yellowish Nearly 
blue opaque 
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M—2-p-Diethylaminostyryl-6-ethoxybenzthiazole methiodide. 


N—2-p-Diethylaminostyry]-6-chlorobenzthiazole methiodide. 


P—2-p-Diethylaminostyryl-6-bromobenzthiazole methiodide. 


Wallace 
colour 
filter No. 


I 


no 


L. 


Weak red 
Greenish yellow 
Weak red 
Dull yellow 
Dull yellow 
Weak red 
Yellow 
Yellow 


Dull yellow with 
orange tinge 


Dull yellow with 
orange tinge 


TABLE I 
= £8 0 
— 2 2 3 

" “ee > v ‘ev 

g Tas ¥2 s 

o “SS ds 3 

x m% m~ 24 
Nil 1 Very little 

undefinable 

Weak I I Very little 
light undefinable 
green 

Strong 0.87 2.5 Nil 
green 
Strong 0.8 2.7 Nil 
yellowish 
green 
TABLE II 

M. N. 
Cherry-red Light absorbed 
Weak red Claret-red 
Dull yellow Rose-red 
Light absorbed Pink 


Weak yellow 
Lemon-yellow 
Dull yellow 
Grass-green 


Bottle-green 


Bottle-green 


Extra-sensitisation 


Yellowish pink 
Rose-red 

Dull red 
Yellowish red 


Light absorbed 


Orange 


Maximum 


x 


x 


of 
absorp- 


Frequency 
max. 
tion 


56620 x 1018 


58220 X 1010 


55250 X 1010 


55910 X 1010 


P. 


Crimson-red 
Pink 

Weak red 
Rose-red 
Cherry-red 
Very weak red 
Claret-red 
Orange 


Weak bluish 
green 


Weak red 


= Bt 


A 2 Re 2 
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TABLE II 
Dyed on L. M. N. Pp. 
| Acid bath Light rose-red Weak rose-red Light maroon Mauve 
Cotton 
Neutral Rose-red Rose-red Maroon Mauve 
Acid bath Pink Pink Weak mauve Weak inauve 
oa power Pink Pink Weak mauve Weak mauve 
: Acid bath Dull pink Light bluish red Bluish red Bluish red 
_— Neutral Dull pink Dull pink Pink Pink 


2-p-Diethylaminostyryl-6-chlorobenzthiazole Methiodide.— 2-Methy]l-6-chlorobenz- 
thiazole methiodide (0.225 g.), p-diethylaminobenzaldchyde (0.177 g.), absolute alcohol 
(5 c.c.) were refluxed with 2 drops of piperidine for 4 hours. The separated dye was 
recrystallised from methyl alcohol, m. p. 222°. (Found: N, 5.69; I+Cl, 33.44. 
C..H..N,SCII requires N, 5-78; 1+Cl, 33-54 per cent). 

2-Methyl-6-bromobenzthiazole methiodide was prepared from 2-methyl-6-bromo- 
benzthiazole (Beilenson and Hamer, loc. cit.) and methyl iodide, m. p. 272-76°, 
yield 80.5%. (Found: I+Br, 55.96. C,H,NSBrI requires I+ Br, 56.07 per cent). 

2-p-Diethylaminostyryl-6-bromobenzthiazole Methiodide. — 2-Methyl- 6- bromo- 
benzthiazole methiodide (0.371 g), p-diethylaminobenzaldehyde (0.177 g.) and absolute 
alcohol (5 c.c.) were refluxed with 2 drops of piperidine for 4 hours. The dye that separa- 
ted was recrystallised from methyl] alcohol, m. p. 242°. (Found: N, 5.20; I+Br, 39.11. 
C..H..N.,SBrI requires N, 5.28 ; 1+ Br, 39.24 per cent). 

CHEMICAL LABORATORIES, 


B. N. COLLEGE AND SCIENCE COLLEGE, 
PATNA, 


Received May 26, 1950. 
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CONDENSATION OF DIPHENYLiso&THIOHYDANTOIN WITH AROMATIC 
ALDEHYDES AND NITROSO COMPOUNDS 


By DesH Pat, AHUJA AND SIKHIBHUSHAN DuTT 


Diphenylisothiohydantoin, which is obtained by the action of monochioroacetic acid on thio- 
carbanilide in presence of alcohol, contains a reactive methylene group, and as such easily undergoes 
condensation with aromatic aldehydes and nitroso compounds giving highly coloured condensation 


products. 
The condensations are easiiy effected in presence of glacial acetic acid and acetic anhydride. The 


condensation products dye wool in bright shades from an acid bath. 


Diphenylisothiohydantoin was first obtained by Lange (Ber., 1870, 12, 595) by re- 
acting monochloroacetic acid with sym-diphenylthiourea in presence of alcohol, and 
its structure (1) was subsequently ascertained. 


Ph.N= ce S= ct 
valet a i 
(I) . (II) 


It is isomeric with sym-diphenylthiohydantoin (II) obtained by Aschan and Zilliacus 
(Ber., 1884, 17, 424) by altogether different methods. Both of them have a methylene 
group in the vicinity of a CO group, and as such it is expected that both the methylene 
groups should be reactive. But while it has not yet been possible to establish such 
reactivity in (II), in view of the highly reactive nature of the methylene group in (I), 
it has now been condensed with aromatic aldehydes and nitroso compounds yielding 
arylidene-diphenylisothiohydantoins (II1) and aryliminodiphenylisothiohydantoins (IV) 


respectively. 





S—C=CHR null. 
Ph.N=NC€ ] — PhN=C€ ] 
NPh —CO R.CHO NPh —CO 
(IID) | 
C=N.R 
PhN=CC | 
NPh —CO 


(IV) 


Condensations are easily effected in presence of glacial acetic acid which really 
acts more like a solvent medium than a condensing agent. Only in a very few cases 
the use of a stronger condensing agent like acetic anhydride is called for. The con- 
densation products with aromatic aldehydes are all bright yellow crystalline compounds 
and those with aromatic nitroso compounds, dark brown to black substances which dye 
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wool from an acid bath after precipitation from sulphuric acid in deep fast shades of 
yellow, brown, chocolate, mehogany and black. 

Aromatic aldehydes and nitroso compounds (vide Tables I and IJ) have been con- 
densed with diphenylisothiohydantoin in this paper. 


EXPERIMENTAL 


Preparation of Diphenylisothiohydantoin.—For the satisfactory preparation of this 
compound the following method was found useful after a number of trials : Thiocarba- 
nilide (60 g.), monochloroacetic acid (27.4 g.) and rectified spirit (225 c.c.) were refluxed 
on the water-bath. The reaction was complete in about 2 hours, when from a clear 
fluid, the contents of the flask set to a crystalline mass. The product after cooling 
was left in contact with dilute hydrochloric acid for 1 hour, washed by decantation 
successively with dilute hydrochloric acid, water and cold alcohol, and finally crystallised 
from a comparatively large quantity of boiling alcohol in colorless, glistening prisms, 
m.p. 177°, yield 60 g. 

The condensation of diphenylisothiohydantoin with aromatic aldehydes took place 
with great ease in glacial acetic acid solution, by heating together molecular proportions 
of the two reactants in the solvent for about an hour. On cooling, the condensation 
product crystallised out in glistening crystals. Acetic anhydride was used in a few 
cases where the solubility of the condensation product in glacial acetic acid was found to 
be too high and therefore prevented separation of the condensation product. 
Glacial acetic acid, however. was used in the condensation of aromatic hydroxy alde- 
hydes as acetic anhydride gave rise to acetylated products. 

As regards the condensation of aromatic nitroso compounds with diphenylisothio- 
hydantoin, the condensations are best effected by heating the reactants together in 
glacial acetic acid medium without any condensing agent. Only the minimum quantity 
of the acid is used in order to facilitate the separation of the condensation product from 
the hot solvent on cooling. 


TABLE I 


Condensation of diphenylisothiohydantoin with aromatic aldehydes. 


No. Condensation product M.p. Colour in acetic Shade of dyeing % Sulphur 
with acid. on wool. Found. Calc. 
1. Benzaldehyde 158° Bright yellow Lemon-yellow 8.94 8.98 
2. Furfural 100° Pale yellow Pale yellow 9.19 9.25 
3. Vanillin 226° Deep yellow Deep yellow 7-59 7-96 
4. O-Vanillin 263° Do Do 7-72 7.96 
5. 0-Nitrobenzaldehyde 170° Pale yellow Pale yellow 8.13 8.00 
6. p-Nitrobenzaldehyde 176° Bright yellow Leinon-yellow 7.98 8.00 
7. Cinnamaldehyde 209° Do Bright yellow 8.12 8.13 
8. Hydrocinnamaldehyde 172° Dark yellow Pale brown 8.86 8.33 
9. Anisaldehyde 171° Deep yellow Light yellow 8.01 8.33 
10. $-Naphthaidehyde 164° Light brown Light brown 7-53 7.88 
11. §-Resorcylaldehyde 167° Dark yellow Chrome yellow 8.05 8.27 
12. m-Oxybenzaldehyde 163° Do Light yellow 8.37 8.60 
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No 


Condensatian of diphenylisothiohydantoin with nitroso compounds. 


Condensation product 
with 


p-Nitrosodimethylaniline 


.N-Nitrosodiphenylamine 


p-Nitrosophenol 
a-Nitroso-8-naphthol 
Nitrosoantipyrine 


Nitrosophenylhydroxy}- 
amine 
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TABLE Il 


M.p. Colour in acetic 
acid. 


Above 280° Dark brown 


“ Do 

” Do 
122° Chocolate-brown 
148° Orange-red 


— Smoky brown 





Behe ernie 





‘ 
Shade of dyeing % Sulphur ‘ 
on wool. Found. Calc. 4 
Black 772 7-96 4 
Dark brown --- — 3 
Black 8.52 8.58 
Chocolate 7-32 7.57 
Dark mahogany 6.31 6.85 
Black — - 
Received November 28, 1949 
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REACTIONS OF HYPONITRITES. PART III. ESTIMATION OF 
NITRITE IN PRESENCE OF HYPONITRITE 


By TRAMBAKLAL MOHANLAL Oza, V. T. OzA AND N. L. DIPALI 


Two important observations which permit of estimation of nitrite in presence of hyponitrite have 
been made, viz., (i) thiourea-acetic acid has little action on hyponitrites and (ii) in solution or 
suspension, hyponitrites are completely decomposed on heating in a boiling water-bath. 


No attempts appear to have been made in the past to estimate nitrite in presence 
of hyponitrites. As nitrite and nitrate are produced in the thermal decomposition of 
hyponitrites, estimation of these in the presence of each other has practical utility quite 
apart from the value of such methods in analytical chemistry. 


Thiourea-acetic acid is a well known reagent for the estimation of nitrite and 
nitrate. ‘lhe action of this reagent on hyponitrites does not appear to have been studied 
before. The present authors have studied the action of this reagent on (i) sodium 
hyponitrite (soluble) and (ii) calcium hyponitrite (insoluble) and found that it has little 
or no action on the substances and nitrite can therefore be accurately estimated in 
presence of hyponitrites. As sodium hyponitrite has some action, the aqueous solution 
containing it, must be boiled before being put into the nitrometer. Boiling is found to 
destroy the hyponitrite. The action of water on hyponitrites was studied by 
Partington and Shah (J. Chem. Soc., 1931, 2071 ; 1932, 2589) at room temperature 
and they found that the sodium salt was incompletely decomposed in two days, while 
the calcium salt remained unaffected. The present authors repeated these observations 
to ascertain if the hyponitrites could be quickly decomposed by boiling with water. As 
no nitrite or nitrate is produced in the reaction, accurate estimation of the contained 
nitrite can be had if the hyponitrite underwent complete decomposition. ‘This is found 
to be the case. 


ExPERIMENTAL 


Sodium hyponitrite and calcium hyponitrite were prepared according to Partington 
and Shah (ioc. cit.). These were analysed for purity. 

Sodium Hyponitrite : (i) 1.9082 g. hydrated substance left 1.0322 g. anhydrous 
salt, giving 92.85 g. i.e., about 5H,O per g. mol. of anhydrous sult. 

(ii) v.o119 g. anhydrous subustance gave 0.0130 g. NaCl, while 0.0447 g. anhydrous 
substance gave 0.1194 g. AgCl. (Found: Na, 43.1; Nj. 55.9. Calc. for Na,N,O, : 
Na, 43-4; N,O,, 566 per cent). 

(iii) 0.014 g. of the substance required 5.85 c.c. of 0.04493 N-KCNS working as 
0.01384 g. Na,.N2O,3. 
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Calcium Hyponitrite: (i) 0.0242 g. gave 0.0192 g. CaSQ,. 


(ii) 0.0514 g. gave 6.6 c.c. N,{N. T. P.) in Dumas estimation. (Found: Ca, 
0.00564 g. i. e., Ca, 23.20%; N, 1605%. Cale. for CaN,0,, 4H,O0: Ca, 23.26; 
N, 16.3 per cent). The calcium salt could not be dehydrated. 


Results of experiments with (a) nitrites and (b) hyponitrites, carried out in a nitro- 
meter with thiourea-acetic acid by the standard method (Cumming and Kay, “‘ Quantita- 
tive Chemical Analysis ’’, 6th Ed., p. 386) showed that while the pure nitrites were 
accurately estimable, the hyponitrites were not. Sodium hyponitrite had some action on 
the reagent but calcium hyponitrite had none ; the latter merely dissolved out when the 
reagent was added but no gas was liberated. Partington and Shah (loc. cit., 1931) found 
no nitrate or nitrite in the residual liquors of the interaction of water on sodium hypon- 
itrite. They also found that HI and starch did not react with hyponitrite instantane- 
ously and ascribed the blue colour which appeared on standing for 2 to 3 minutes to the 
probable presence of traces of nitrite in their hyponitrite, while Oza (this Journal, 1045, 
22, 225) considered this phenomenon as a peculiar property of the hyponitrite as nitrites 
liberated iodine instantaneously even when present in very minute amounts. 


Table I contains results of experiments, in the nitrometer, with mixtures of nitrite 
and hyponitrite, when acted upon by thiourea-acetic acid. ‘Ihe results show that 
calcium nitrite can be estimated in presence of the hyponitrite by this method. Sodium 
hyponitrite (soluble) appears therefore to behave exceptionally in having some action 
on the reagent. If hyponitrite ion has no action on thiourea-acetic acid, as is indicated 
by the inactivity of the reagent to the calcium salt, the apparent little reactivity of the 
reagent to the sodium salt may be the result of the production of sodium nitrite, as 
an intermediate unstable product, in the action of water on sodium hyponitrite. Having 
noticed that the amounts of nitrite in the aqueous solutions of sodium hyponitrite increas- 
ed slowly with time, Partington and Shah (loc. cit.) became inclined to the view that 
the nitrite might have resulted from the hyponitrite by the action of water. The action 
of water is being investigated systematically. 


TABLE I 


Experiments in a nitrometer with mixtures of nitrite and hyponitrite and 
thiourea-acetic acid. 


No. Mass Gas liberated Gas expected frnm nitrite 
—— --—-+ — . Bs. Bek content (N. T. P.). 
NaNOg. NagN2Oy. 
I 0.0606 g. 0.0163 g. 21.65 C.c. 19.7 C.C. 
2 0.0587 0.0164 21.4 19.05 
3 0.0382 0.0120 14.0 12.4 
Ca(NOo)s, H,0. CaN2Ox, 4H,0. 
4 0.0502 0.0200 14.7 14.9 


5 0.0600 0.0150 17.7 17.9 
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The apparatus used to study the action of water at the b. p. is shown in Fig. tr. 

It consists of a tube B, to which a side tube C, graduated at its upper end, is attached 
Fic. 1 through a vacuum tap P. The tube B is connected 

to a bulb A of about 100 c.c. capacity by a ground-in- 
glass joint through a vacuum tap X. The upper end 
of the bulb can be closed when required by the 
tap Y. Through Y, the appratus led to a P.O; tube 
closed by another vacuum tap Z and thence to the 
Hyvac and sprengel pumps. A quantity of hypo- 
nitrite is accurately weighed out in B and the 
apparatus fitted up. P is closed and X, Y and Z 
are all opened and the system evacuated and tested 
for leaks by standing overnight. Water is placed 
inC. X iis closed and about 5 c.c. water allowed 
carefully to enter Band a boiling water-bath placed 
about the latter. Vigorous reaction occurred with the 
sodium salt but with the calcium sait considerable 
period of heating was needed to complete the reaction. 
To pump off the gaseous products of the reaction, 
Y and Z wereclosed and X partially opened, very 
cautiously, for a moment and closed. Y was then 
opened to the P,O, tube and then Z to the sprengel pump and the dry gas pumped off. 
This was repeated several times till all the gas was pumped off. The residual liquors 
in B were tested for nitrite and nitrate but none was found ; the liquors were strongly 
alkaline as expected. ‘I'he gas was analysed for nitric oxide, nitrous oxide and nitrogen. 
The nitric oxide was absorbed out in alkaline sodium sulphite, previously saturated 
with nitrous oxide. The nitrous oxide was then absorbed out in cold alcohol till after 
several bubblings and storage over fresh alcohol for two hours no contraction in volume 
occurred. The gas left unabsorbed was taken as nitrogen. ‘Table II contains the 
results, the recorded volumes being at N. T. P. The results show that though the main 





reaction appears to be 
RN,O, + H,O = R(OH),+N,0, 
the exact reactions may not be quite so simple. Further, the salts decompose com- 


pletely. 
TaBLe II 
Products of decomposition of Na,N,O, and CaN,0., 4H,O in water 
when boiled in vacuum. 
2 3 4 5 6 
N>. Substance. Mass of subs. in Gas obtained Compn. of gas in column 4. Vol. of N,O ex- 
column 2 (N, T. P.). pected acc. to 
NO. N,0O. Ng. RN ,O.=RO+N,0. 

1 NagN294 0.0224 g. 4.85 cc. 0.1 4.6 0.15 4-75 

2 ” 0.0332 6.95 0.1 6.5 0.35 7-0 

3 m 0 0260 5-45 2.15 5-1 0.25 5-5 

4 a 0.0250 5-10 0.1 4.8 0.15 5-3 

5 CaN,0,, 4H,O 0.0750 10.3 0.45 7-55 2.25 9-75 

6 am 0.0502 7-3 0.45 5.65 1.20 65 

7 ie 0.0752 10.2 0.55 7.85 1.80 9.8 


3—1777P—1 
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In view of the above behaviour of sodium hyponitrite, it seemed well worth enqui- 
ring into the behaviour of the mixtures of nitrite and hyponitrite of sodium, the latter 
being admitted to the nitrometer after previously boiling (to decompose) it. Quanti- 
ties of nitrite and hyponitrite were accurately weighed out, about 3 c.c. of water added 
and the solution gently boiled for some minutes. ‘The solution was then cooled and 
transferred to the nitrometer with the usual care. The reagent was added and the nitro- 


meter shaken as usual. Table III gives the results which show that nitrite estimation 


is now very satisfactory. 
TABLE III 


Estimation of NaNO, in presence of Na,.N.O, in a nitrometer, after 
boiling their aqueous soln. 


No. Mass (NaNO,). Mass (NagN,0,). Gas obtained (N. T. P.). Gas expected from nitrite 
content ((N. T. P.). 

I 0.0249 g. 0.0180 g. 8.2 c.c. 8.1 ¢.c. 
0.0292 0.0224 9.3 9.5 

3 0.0349 0.0120 11.4 11.3 

4 0.0406 0.0332 13.2 13 2 

5 0.0459 0.0288 14.7 14.9 

6 0.0550 0.0432 17.7 17.85 


TABLE IV 


Estimation of nitrite in presence of hyponitrite, after boiling, by the 
permanganate method. 


(Expts. No, 1 to 5 are with sodium, and No. 6 to 10 with calcium salts). 


No. Wt. of nitrite. Wt.ofhypo- Wt. ofnitrite No. Wt. of nitrite. Wt. of hypo- Wt. of nitrite 


nitrite. found. nitrite. found. 
I 0.0398 g. 0.0382 g. 0.03927 &- 6 0.0226 g. 0.0104 g. 0.0223 g. 
2 0.0519 ©.0356 0.05125 7 0.0276 0.0300 0.0277 
3 0.0469 0.0288 0.04604 8 0.0456 0.0400 0.0457 
4 0.0259 0.0246 0.0265 9 0.0500 0 0500 0.0488 
5 0.0313 0.0144 0.0308 10 0 0756 0.0607 0.0750 


Table IV gives the results of estimation of nitrite in its admixture with sodium 
hyponitrite (soluble hyponitrite) and calcium hyponitrite (insoluble hyponitrite), by the 
permanganate method. ‘I‘he standard permanganate was added to the solution (or suspen- 
sion) of the salts after boiling the latter. To accurately weighed quantities of the salts 
water was added, and the mixture boiled well. To the cooled solution a known excess of 
standard KMnQ, was then added and acidified with dilute H.SO,. The whole was heated 
to 60° ina water-bath, decolorised by adding K-tetroxalate (standard) and the excess 
of the latter was titrated back. The results show that the method is quite satisfactory. 
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ESSENTIAL OILS FROM LEAVES, TWIGS AND FRUITS OF 
AEGLE MARMELOS 


K. K. BAsLAs AND S. S. DESHAPANDE 


Two more components, namely, p-cymene (17%) and cumin aldehyde (5%), have been found 
in the essential oil from the leaves of Aegle marmelos. The essential oils from the twigs and the fruits 
of this plant have also been examined. The former contains cineol (40-45%) and ad-phellandrene 


(34.5%) and the latter contains a-d-phellandrene only. 


The essential oil from the leaves of Aegle marmelos has already been examined 
by us (this Journal, 1949, 26, 231) and the following components were reported : 2-d- 
phellandrene, cineol, citronellal and citral. When larger quantities were available for 
work and the fractionation done more efficiently, two more components were 
identified in it. These are p-cymene and cumin aldehyde. Further, with a view 
to gaining information about the biogenesis of the components, oils were also extracted 
from twigs and from rind of the fruits of the same plant and the relationship of the 
components occurring in these parts observed. 

The amount of @-d-phellandrene in fraction (T) of the oil from leaves was estimated 
from the weight of the fraction (b.p. 173°-174°). It came to be about 56%. ‘The 
yield of the nitrosite of this terpene, however, was always much smaller than what 
should correspond to the above percentage. Judged from the yield of its nitrosite 
the phellandrene content came to be about 35% of the total oil. Although the yield of 
the nitrosite is not expected to be theoretical, there is an appreciable difference in the 
percentage of this terpene arrived at in these two ways. It became therefore clear that 
this terpene fraction contained besides phellandrene some other hydrocarbon having 
nearly the same boiling point and identical composition or very nearly the same com- 
position as that of phellandrene. Such a hydrocarbon could be limonene (b.p. 175°), 
terpinene (b.p. 175°), silvestrene (b.p. 173°-175°) or p-cymene (b.p. 175°). 

The fraction gave indifferent reactions towards tests for the above named terpenes 
but gave an indication of the occurrence of p-cymene in it ; as by Etard’s reaction it gave 
an aldehyde identified as «-p-tolylpropaldehyde (semicarbazone, m.p. 156-57°; cf. Miller 
and Rhode, Ber., 1890, 28, 1075 ; 1891, 24, 1356; Errera Gazzetta, 1889, 19, 526). 
Also oxidation of the fraction yielded an acid which sublimed above 250° and thus 
appeared to be terephthalic acid. p-Cymene was thus identified and clearly its presence 
could not appreciably affect the carbon and hydrogen content of «-d-phellandrene which 
constituted the chief component of this fraction. 


Fraction (IIIJ) of the oil from leaves (boiling range above 210°) consisting of cit- 
On steam distillation a 


ral as the main component polymerised mostly on standing. 
This was identifi- 


portion which escaped polymerisation went into the distillate as an oil. 
ed as cumin aldehyde [b.p. 235° ; semicarbazone, m.p. 201°-202°  (Walbaum and Ruthig, 
J. prakt. Chem., 1902, ii, 66, 155) ; phenylhydrazone, m.p. 129° ; 3-nitrocumin aldehyde, 
m.p. 54° (Lippmann and Strecker, Ber., 1879, 12, 76 ; Widman, Ber., 1882, 15, 167)]. 
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Essential Oil from the Twigs.—The twigs on distillation gave an oil in 0.06% 
yield. ‘This oil smelt more camphor-like than the oil from the leaves and distilled almost 
completely between 175° and 176° and contained cineol (m.p. of the addition product 
with resorcinol, 85°-87° ; cf. Baeyer and Virck, Ber., 1902, 85, 1209). The other 
component was identified as «-d-phellan lrene (nitrosite, m.p. 113°). ‘The proportion 
of these two components in the oil are approximately 45% and 35% respectively. 

Essential Oil from the Fruits.—Kssential oil was also obtained by steam distillation 
of the rind of the ripe fruits of this plant. 200 Lbs. of the fruit gave 24 lbs. of the 
rind from which 6c.c. of the essential oil were extracted. With such a small amount 
fractionation was not attempted. A nitrosite was prepared from this oil which after 
recrystallisation melted at 113°, from which the presence of @-d-pheilandrene in this 
oil was inferred. ‘There was no positive indication for the occurrence of cineol and citral 
or any other aldehyde in this oil. 

The following table gives the components so far identified in the essential oils from 
leaves, twigs and rind of the fruits of the plant Aegle marmelos. 


No. From leaves. From twigs. From fruits. 
1. a-d-Phellandrene, 35% (nitrosite, m.p. 113°). 1. a-d-Phellandrene, 34.5% a-d-Phellandrene only 
2. Cineol, 3% (addition compounds with re- 2. Cineol, 40-45% — 
sorcino], m.p. 85°-87° ; iodol, m.p. 112° and 
phosphoric acid). 


3. p-Cymene, 17% — ae 
4. Citronellal, 21% (semicarbazone, m.p. 84°) — — 
5. Citral, 10% (semicarbazone, m.p. 163°) — — 


6. Cumin aldehyde, 5% (semicarbazone, m.p. 201-202° ; 
phenylhydrazone, m.p. 129° ; 3-nitrocuminal, m.p.*54°) — — 


ExPERIMLNTAL 
Essential Oil from the Leaves 


Ideniification of p-Cymene in Fraciion (1): Etard’s Reaction.—To 5 c.c. of the 
fraction, dissolved in 25 c.c. of carbon disulphide and cooled in a freezing mixture, was 
added dropwise an ice-cold solution of chromy] chloride (9 g.) in 25 c.c. of the solvent, 
care being taken not to allow the temperature to rise above 0°. A dark coloured 
sandy solid separated which was filtered, washed with carbon disulphide and then dried. 
It was then treated with ice-cold water and shaken with a dilute solution of sodium 
carbonate, as a result of which an oily liquid separated. It was extracted with ether 
and after drying the ethereal solution over anhydrous sodium sulphate the solvent was 
removed. ‘The residual liquid (about 1 c.c.) boiled at 221°-222°. 

It reduced Fehling’s solution and formed a semicarbazone which on recrystallisa- 
tion from chloroform melted at 156-57°. From the boiling point of the aldehyde and 
the melting point of the semicarbazone it was identified as *-p-tolylpropaldehyde. 

Oxidation.—The fraction (5 c.c.) was refluxed with a mixture of potassium dichro- 
mate (5 g.) and sulphuric acid (50%, 25 c.c.) for 24 hours. After cooling, the product 
was poured in water, when a solid amorphous acid separated which did not melt even 
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up to 250°, but sublimed without melting. It also gave a precipitate with barium 
chloride, insoluble in acids. The compound was inferred to be terephthalic acid. 

Identification of Cumin Aldehyde in Fraction (III).—On distilling fraction (III) 
at atmospheric pressure some citral distilled over but most of it polymerised. In an 
attempt to recover citral from the polymerised residue by steam distillation, a liquid 
aldehyde distilled with steam which had an entirely different aroma from that of citral. 
It was extracted with ether and on removal of the solvent it distilled without decom- 
position or polymerisation at 235°. It formed a semicarbazone which on recrystallisa- 
tion from chloroform melted at 201°-202°. It also formed a phenylhydrazone which 
crystallised from absolute alcohol and melted at 129°. 

3-Nitrocumin Aldehyde.—The mixture (1 c.c.) of fuming nitric acid (2 parts) and 
sulphuric acid (conc., 1 part) was thoroughly cooled and added to o.5 c.c. of the ice- 
cold aldehyde and the mixture kept in ice and salt. A yellowish gummy solid separat- 
ed which was filtered, dried and then recrystallised from alcohol, m.p. 54°. 


Essential Oil from the Twigs 


The essential oil was obtained by steam distillation of green twigs from a copper 
still provided with acopper condenser. ‘The distillate was extracted with carbon tetra- 
chloride and after drying the extract over anhydrous sodium sulphate the solvent was 
distilled off. Fifteen kg. of twigs yielded 10 c.c. of the oil. On fractionation almost 
the whole of the oil passed between 173° and 175°. 

Identificaiion of Cineol: Cineol-phosphoric acid Addition Compound.—To 1 c.c. of 
the oil cooled ina freezing mixture was added syrupy phosphoric acid (d 1.65, 2 c.c.), 
similarly cooled and the mixture shaken well. A solid compound separated which 
became harder on further cooling. 

Cineol-resorcinol Addition Compound.—Resorcinol (0.5 g.) was added to 1 c.c. of 
the oil and the mixture slightly warmed to dissolve the former. On cooling fine tubular 
crystals separated which after recrystallisation from alcohol melted at 85°-87°. 

Estimation of Cineol.—The oil (8¢.c.) was shaken thoroughly with a 50% solu- 
tion of resorcinol and the mixture kept overnight, when a solid addition compound 
separated. The aqueous layer and the solid addition compound were separated and 
each treated with a 10% solution of caustic soda, when an oily liquid separated. It 
was extracted with ether and the solvent distilled off after drying over anhydrous sodium 
sulphate. The residual liquid (about 3.5 c.c.) distilled at 176° (b.p. of cineol). 

Identification of %-d-Phellandrene.—The oil remaining after the removal of cineol 
in the form of its addition compound with resorcinol, was washed with water till free 
from resorcinol and then dried over anhydrous calcium chloride and distilled, b- p. 
173°-174° ; 8c.c. of the oil yielded about 3 c.c. of the liquid free from cineol. It did 
not reduce Fehling’s solution, but formed a nitrosite. 

Nitrosite of 2-d-Phellandrene.—To 2¢.c. of the fraction, dissolved in 4 cc. of 
petroleum ether, was added a solution of sodium nitrite (2 g. in 3 c.c. of water) and the 
mixture after cooling in ice was acidified with 1 c.c. of glacial acetic acid. At once 
a flocculent precipitate separated which was filtered, dried, dissolved in the least amount 
of chloroform and precipitated by the addition of methyl alcohol. On recrystallisation 
from ethyl acetate it melted at 113°. 
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Essential Oil from the Rind of the Fruits 


The essential oil was obtained by steam distillation of the rind of the fruit in the 
manner described above in the case of twigs. The oil (6 c.c ) was obtained from 24 ibs. 
of the rind. On distillation the whole oil passed at 174°-175°. 

It showed indifference towards the tests for cineol and the aldehydes. However, 
it formed a nitrosite which melted after recrystallisation at 113°. From the boiling 
point of the fraction and the melting point of its nitrosite, it was identified as *-d- 
phellandrene. 

The authors offer their best thanks to Dr. A. K. Bhattacharya, D. Sc. for the supply 


of the leaves and twigs of the plant in his premises, 
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STUDIES IN EMULSION. PART I. DISPERSING ABILITY AND 
EMULSIFYING CAPACITY OF EMULSIFIERS 


By AMARENDRA NATH SAHA 


Capacity of the emulsifier to emulsify a quantity of oils in different dilutions has been studied 
and the capacity to emulsify oil per unit weight of emulsifier has been found to increase with dilu- 
tion. Specific interface also increases with the increase of the concentration of emulsifier solution. 


Concentrated stable emulsions are not formed by simply dispersing oil in water. A 
third substance, which is called emulsifier, is necessary. When oil is dispersed in water 
the area per unit volume of oil, that is to say, the specific surface of oil is highly 
increased. According to Cooper (Trans. Inst. Chem. Eng., 1938, 16, 131) the 
efficiency of an emulsifying machine is equal to 


Specific surface per g. of emulsion x interfacial tension 





work done by the machine 


If the work done by the machine be the same then the specific surface per g. of 
emulsion x interfacial tension will be constant. With the decrease of interfacial 
tension specific surface will increase, i. e., finer will be the dispersion. Fine dispersion 
is one of the factors that helps stability of emulsion. One of the important features of 
an emulsifier is to help fine dispersion. This function of an emulsifier then can be 
assessed, relative to another, from the knowledge of specific surface of the emulsions 
produced under identical conditions. 

If the economic side is considered, the amount of oil emulsified per unit weight of 
emulsifier is as important as the quality of dispersion produced with its help. One and 
the same emulsifier may be used in various dilutions. King and Mukherjee (J. Soc. 
Chem. Ind., 1939, 58, 253) have shown that with the concentration specific surface 
increases. But hitherto no information is available about the capacity of the emulsifier to 
emulsify a quantity of oils in different dilutions. 


EXPEIMENTAL 


Emulsifying Apparatus.—Emulsification was effected by agitating with a stirrer worked 
electrically. The stirrer consists of three pairs of blades. Pitch of the blades is 
go°. The blades are fixed to the stirrer rod suchwise that second pair is pependicular 
to the first and third is parallel to first. The lengths and breadths of all the blades 
are the same. Length is approximately 1}” and breadth 4”. There is no gap 
between the two pairs of blades. The diameter of the vessesl, in which emulsification 
was done, is 33”. 

Process of Emulsification.—Some amount of water and emulsifier were placed 
in the vessel. ‘The stirrer was allowed to work in the vessel practically keeping no 
clearance in the bottom. Oil was gradually added. When the oil was added extra 5 
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minutes’ stirring was given. Then water was gradually added to dilute the jellies 
formed. 

Determination of Interfacial Tension.—Relative values of interfacial tension were 
found with the help of Donnan’s drop pipette. Oil was allowed to flow from a pipette 
placed at a constant depth in the liquid. The number of drops was counted for a 
definite volume of oil. 

Size Frequency Analysis.—It was done bya Zeiss microscope. A slide of each 
emulsion was prepared from the diluted emulsion with 10% gelatin solution. Sizes 
of the particles were directly read under the microscope. 

Properties of the oil used in making emulsions throughout the experiments are 
shown in Table I. 


TABLE I 
Sp. gr. ote .++ 0.9134 at 29.8°C. 
Viscosity on - 111.6 Redwood secs. at r00°F. 
Flash point oa -- 345°F. (Pensky Martin closed) 
Macky test eae -» 96°C after 1 hour. 
Chemical nature... ... Hydrocarbon oil from mineral origin. 
TABLE II 


Description of emulsifiers used. 


Oils of high fatty acid content and phenol 
Rosin acids saponified with caustic soda. 
Rosin fatty anhydrides and sulphonated oil (conc.) 
Do (dil ) 
Potassium soap of linoleic acid and linolenic acids with potassium rosinate in aqueous solution. 
Soap content as E, but with the additiyn of pale wool grease in a mineral oil base. 
Aqueous mixture of sodium linoleate aNd rosinate containing excess ammonia. 
Groundnut and castor oils plus neutralised protein treated by modified sulphonation and 
subsequent electrolytic action. 


TOnmns oop 


Na-oleate (2 g.) was weighed out in the vessel, requisite amount of water added to 
make it a particular soap gel of definite composition and 80 c.c. of the oil added dropwise 
in 20 minutes. ‘The speed of the stirrer was kept between 800 and 850 r. p. m. 
Resulting jellies were so diluted that the emulsion produced had 20% of oil. Size 
frequency analysis of those emulsions was carried out and the results are shown in 


Table III. 
TABLE III 


Sizes. Precentage of sodium oleate 
5. 10. 15. 20. 25. 30. 35- 40. 45. 50. 
O-1p 5.8 6.0 2.2 5-3 9.8 19.4 25.6 28.5 47.8 52.0 
I-2 17.2 21.9 11.4 19.1 30.0 45.8 50.0 49.5 39.9 36.5 
2-3 31.5 27-5 32.2 35-3 43.3 29.9 20.8 18.4 9.9 9.9 
3-4 15.6 15.8 27.8 31.3 14.1 4.4 3.1 3.2 2.1 1.5 
4°5 10.8 10.1 16.6 8.1 2.2 0.5 o5 0.4 0.3 0.3 
5-6 5.8 5.8 7.0 0.8 0.4 
0-7 3-9 4.1 2.0 o.T 0.2 


7-8 2.4 3.0 0.6 
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TABLE III (contd.) 


%sodium oleate % Sodium oleate 
Sizes. Sizes. 
5 10. 15 5 10. 15 
8-gu 1.4 2.3 0.2 18-19" 0.2 
g-10 1.0 1.6 19-20 0.3 
10-11 0.6 0.9 20-21 o.! 
II-12 0.6 0.5 21-22 02 
12-13 0.5 0.3 22-23 o.1 
13-14 0.2 0.2 23-24 0.3 
14-15 0.3 24-25 0.3 
15-19 0.2 25-20 9.3 
16-17 0.2 
17-18 0.2 Free oil slight slight trace 
TasLe 1V 


Specific interface. 


Dilution of Na-oleate. Sp. interface Dilution of Na-oleate. Sp. interface 
in sq. cm./g. oil. in sq. cm./g. oil. 
5% 5.1417 X 103 30% 27.4495 X 103 
Io 10.0490 X 108 35 28.8767 X 103 
15 18.0197 X 103 40 29.1881 X 103 
20 18,3718 X 108 45 30.9744 X 103 
25 22.2825 X 103 50 31.7346 X 108 


Specific interface has been calculated according to King and Mukherjee ‘loc. cit.). 


TABLE V 


Interfaciai tension measurements. 


Cone. Drop numbers 

A. B. e D. E. F. G. H. 
0.1% 34 35 30 31 35 28 45 96 
0.2 38 41 32 32 42 36 51 117 
0.3 41 46 33 34 48 2 69 128 
0.4 44 50 33 36 53 49 85 134 
0.5 46 53 35 37 58 2 111 139 
0.6 48 55 36 38 61 56 134 143 
0.7 5! 57 37 40 65 62 143 146 
0.8 53 62 39 4! 69 65 bo 15 
0.9 54 65 39 42 70 70 : 153 
1.0 56 66 40 43 74 74 5] 155 

n 


Emulsion composition ; oil, 300 c.c., water, 310 c.c. and emulsifier, Io c.c. 
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TasLe VI 


Size frequency analysis. 


Size%of the globules in emulsions made with different emulsifiers : 
Diameter of 


the globules. A. B. S D. E. F. G. H. 
O-Iu 76.3 34.0 48.3 65.3 26.3 37.1 23.8 70.4 
1-2 19.6 32.8 22.9 II.5 26.6 32.0 28.6 21.0 
2-3 1.7 21.8 10.0 3-4 23-9 18.6 25.2 5-3 
3-4 3. 8.2 9-7 5-3 16.6 8.2 19.8 2.0 
4-5 0.2 2.1 1.4 5.2 4.1 2.3 1.6 0.5 
56 0.1 0.4 1.8 3-3 1.2 1.4 0.3 0.2 
6-7 -- 0.2 0.7 1.5 0.5 0.2 0.2 0.2 
78 0.2 — 1.4 1.2 0.3 0.1 0.2 0.2 
8-9 -= 0.1 0.2 0.9 0.2 0.1 0.1 0.2 
g-Io 0.1 0.3 0.6 0.7 0.2 o.1 0.1 -— 

10-11 0.3 0.1 3.0 1.7 O.I 0.1 0.1 —- 

TaBLe VII 


Specific interface. 


Emulsifier used. Sp. interface in Emulsifier used. Sp. interface in 
sq. cm. per g. of oil. sq. cm. per. g. of. oil. 
A 13.9456 X 10% E 16.7918 X 103 
B 18.0622 X 10° F 18.1042 X 10% 
Cc 9.1837 X 108 3 19.9483 X 10° 
D 9.5073 X 10° H 19.2652 X 108 
TABLE VIII 
Dilution of Na-oleate (% wt./V) 5 10 15 20 25 30 35 40 45 50 
Capacity in c. c. to form a jeliy . 
per g. of Na-oleate sin 1340 820 §60 430 268 185 110 8 66 61 
TABLE IX 


Emulsoid jelly composition at the breaking »oint. 


Oil Water Na-oleate Oil Water Na-oleate 
S%oby wt.) (% by wt.) (% by wt.) (% by wt.) :% by wt.) (% by wt.) 
98.32 1.60 0.08 97-53 1.90 0.57 
98.54 1.33 0.13 96.30 2.72 0.98 
98.54 1.27 0.19 95-49 3-22 1.29 
98.50 1.25 0.25 94.96 3.47 1.57 


98.00 1.60 0.40 94.89 3-41 1.70 


TN Ns a 














STUDIES IN EMULSION 27 


TABLE X 
Dilution of Na-oleate Total interface in sq. cm. Depth of molecular layer 
(in%wt/V). at the breaking point. in No. of mols. 

5 62.931760 X 10° 1.53 
10 75-266160 X 105 1.28 

15 92.171520 X 105 1.05 
20 10.547840 X 105 1.20 
25 54-545544 x 108 1.77 
39 49.383940 X 105 2.08 
35 29.01 3600 X 10° 3-32 
40 21.594924 X 10° 4.46 
45 18.672720 X 10° 5.16 
50 17.681704 X 10° 5-45 


DISCUSSION 


From the results given in Table III, it is found that with increasing concentration 
of emulsifier at the production stage of emulsoid jellies, where the actual dispersion is 
done, specific interface gradually increases. This goes to support King and Mukherjee 
(loc. cit.) who have shown that with the increase of concentration of emulsifier specific 
interface increases. 

According to figures in Table V, emulsifiers may be arranged in gradation of their 
power of lowering interfacial tension as G, H, E, F, B, A, D, C. When they are 
arranged according to the specific interfaces given in Table VI, the series becomes G, H, 
F, B, E, A, D, C. The slight discrepancy which is noticed in the two aforesaid series 
may be overlooked due to the fact that the difference of drop numbers between E and 
F is practically negligible and that among B and either of E or F is not considerable. 
Considering jointly the drop number and specific surface of emulsions obtained by using 
industrial emulsifiers it becomes clear that capacity to lower interfacial tension is directly 
proportional to the specific interface. 

Thus, the study of the interfacial tension will indicate the relative dispersive power 
of the different water-soluble emulsifiers. 

Now the question is what will be the quantity of oil that can be emulsified per unit 
weight or volume of an emulsifier. 

When oil is gradually added to an emulsifier solution and stirred, emulsoid jellies 
are produced. With the gradual addition of oil stiffness of the jelly increases with the 
consequence of increased tension in the adsorbed film. Addition of oil can be carried 
till the film breaks. The maximum amount of oil which a gram of sodium oleate can 
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emulsify at different dilution is given in Table VIII. Dilution of emulsifier solution 
favours emulsifying capacity. Obviously water plays a part. 
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It has already been shown in Table IV that the specific surface decreases with 
dilution of emulsifier. So in case of concentrated emulsifiers total interface may be such 
that mono-molecularly dispersed sodium oleate film is not enough to cover it. But from 
Fig.2 it is found that the total interface is highest at 15% and least at 50% emulsifier 
concentration. Also the figures in Table X, which have been calculated taking the 
dispersion at the breaking point of jellies equal to the dispersion at any other oil 
concentration and cross-section of Na-oleate molecule equal to 48 <x 107** cm’., point 
out that the molecular thickness of the film at the interface is highest when the capacity 
is the least. 

The concentration of water, at the breaking point as given in Table 1X and Fig.1, 
is the highest when the capacity is the least. Butit is a known fact that with slight 
dilution emulsions do not break. 

Thus, the breaking of the emulsion is neither due to the increased specific surface 
nor due to the presence of increased percentage of water at the breaking point. It is 
likely that the property of the film changes with the concentration of Na-oleate. Either 
the want of sufficient quantity of water makes the film brittle or the number of 
molecules which orient in the interface decreases with the concentration. 


CONCLUSION 


With the increase of concentration of emulsifier solution specific interface increases. 
Relative lowering of interfacial tension may indicate relative dispersive power of soluble 
emulsifiers. Capacity to emulsify oil per unit weight of emulsifier increases with 


dilution. 
Received May 29, 1950. 
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ON THE ALKALOID OF RAUWOLFIA CANESCENS. PART V. 


By A. CHATTERJEE (NEE MooKHERJEE) 


Rauwolscine, the alkaloid of Rauwolfia canescens forms a methiodide on methylation with 
methyl! iodide at room temperature. With alkali, the methicdide, Cy;Hgg03N2.CHgl, produces a betaine, 
Co,)Ha03Ny, which has been named isorauwolscine. isoRauwolscine is free fr-m methoxy] group and 
is an isomer of its parent alkaluid, rauwolscine. The betaine forms well defined salts. Its hydrochloride 
is colorless when freshly prepared but turns pink when exposed to air. Stepwise degradation of the 
betaine by exhaustive methylation leads to total fission producing isophthalic acid, harman and indole 
derivatives. 


It was reported earlier (Mookerjee, this Journal, 1941, 18, 34, 485; 1043, 20, 11 ; 
1946, 28, 6) that rauwolscine, the alkaloid of Rauwolfia canescens has the constitution (I) 





, 1 
[f= fic by 
W4\4\ 
-OH | ied 
CH,00C- 4 
\4\ 
| | =| 
bin ia 


as determined from the study of its several degradations, viz., pyrolysis, alkali fusion 
and zinc dust distillation etc. Since all these degradations had been performed under 
drastic conditions it was not possible to determine whether the hydroxyl and 
carbomethoxyl groups were in ring E in rauwolscine, and thus to find out their locations, 
stepwise degradations of the alkaloid under mild conditions, viz., by exhaustive 
methylation were thought reasonable. In connection with this investigation rauwolscine 
has been mnethylated with methyl iodide in acetone and the action of alkali on rauwolscine 
methiodide has been studied. Rauwolscine methiodide (C.,H..N.OsI, m.p. 268°, decomp.) 
when boiled with 10% aqueous potassium hydroxide produces a colorless, hygroscopic 
betaine, which has been named isorauwolscine. From the aqueous solution the free 
betaine could not be isolated in the pure state on account of its high solubility in water 
and its insolubility in all the organic solvents. However, both of its organic and 
inorganic salts have been prepared and analysed. From the analyses of the salts of the 
betaine, the formula of isorauwolscine has been found to be C;,H.,.O;N. and thus 
proved to be an isomer of its parent alkaloid, rauwolscine. It has already been discussed 
in a previous communication (Mookerjee, ibid , 1941, 18, 33) that rauwolscine is a mono- 
acidic tertiary base although it contains a -NH group in ring B. This -NH group being in 
the indole nucleus has a very feeble basic character as a result of which it does not add up 
mineral acids and methyl iodide to form salts. Hence, on methylation with CH,I the 
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tertiary N atom in ring C adds up CH,;I and the rauwolscine methiodide, thus obtained, 


has the following structure (II) 
cn yes lon 


HO- NH [ 
CH,0U0C-— 
ve 


NY” (ID) 





{ 


The subsequent conversion of the methiodide into the corresponding betaine, 
isorauwolscine (III), by the action of alkali takes place according to the following 


scheme. 
R—-COOCH, R-COOH R-CO 
| Alkali | | | 
> OH > O 
N n N 


CH, CH, 
(III) 

isoRauwolscine forms stable salts with hydrochloric acid and the hydrochloride gives 
colour reactions similar to those of rauwolscine and rauwolscinic acid (Mookerjee, loc. cit.). 
The salts of isorauwolscine are acidic to litmus but less soluble in water. The hydrochloride 
of isorauwolscine, C;,;H2s0;N;2. HCl, (Fig. 1), when freshly crystallised is colorless 
but turns deep pink when exposed to air. 
isoRauwolscine produces a colorless per- 
chlorate, C,,H.,0,;N,. HCIO,, m.p. 256-58° 
(decomp.) and its picrate is well crystalline 
and orange-yellow, m.p. 261-63° (decomp.). 
The. chloroplatinate of the betaine is an amor- 
phous, pale orange substance, (C,,H,,.0;N2)2- 
H,PtCl,, mp. 254° (decomp.). The crude 
isorauwolscine, when treated with hydro- 
chloric acid in methanol, forms isorauwols- 
cine hydrochloride which is found to be free 
from methoxyl group. It has been found, 
however, strange that isorauwolscine is quite 
stable to 10-15% alkali like rauwolscine 
and when distilled with 25-30% potassium 
hydroxide it suffers total fission producing 
indole and its derivatives. Attempts were 
made to prepare isorauwolscine in pure 





Fig. 1 


state from rauwolscine methiodide on treatment with silver oxide. Silver oxide reaction 
product is a gummy substance which on distillation decomposes at 300°/5 mm. 
producing harman (IV) and an identified indole derivative, thus, suffering no milder 
cleavage like the parent base, rauwolscine. isoRauwolscine on distillation with potassiuin 
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hydroxide decomposes into simpler fragments from which a non-nitrogenous substance 
has been isolated and identified as isophthalic acid (V) and also a nitrogenous portion 
which is still an unidentified indole derivative. Thus, it has not been possible to gather 
further information regarding the position of hydroxyl and carbomethoxy groups 
in rauwolscine molecule from studies of isorauwolscine and its salts. 


cue (ye Zs 
W798 
NH | | 
CH, COOH 
(IV) (V) 


EXPERIMENTAL 


Rauwolscine Methiodide —A mixture of rauwolscine (5.0 g.) and Mel (5 g.) in dry 
acetone (100 c.c.) was allowed to stand for 2 days at room temperature, when coiorless, 
shining, hexagonal flakes of rauwolscine methiodide separated, m.p. 268° (decomp.), yield 
4-8. g. On recrystallisation from alcohol and water the m. p. did not change. The 
shining transparent crystals turn opaque when kept vvernight and it has been found to 
contain one molecule of acetone of crystallisation. [Found (in a sample dried in 
vacuo over P.O; for 36 hours): C, 53.38; H, 5.97; N, 5.64; I, 25.05. Ca:HoeOsNa, 
CHI requires C, 53.22; H, 5.85; N.5.64; I, 25.61 per cent]. 


isoRauwolscine Hydrochloride.—Rauwolscine methiodide (2.0 g.) was boiled with 
aqueous potassium hydroxide (10%, 20 c.c.) when it completely passed into solution. 
The latter on subsequent concentration to 5 c.c. precipitated colorless needles. ‘These 
are highly soluble in water and insoluble in organic solvents and thus could not be 
isolated in the pure state. ‘The needles were dissolved in the least amount of hydrochloric 
acid (2N, 50 c.c.). The solution was concentrated to 10 c.c. and allowed to stay overnight 
when stout leaflets of the hydrochloride were deposited, m.p. 261-63° (decomp.). The 
hydrochloride is spraingly soluble in alcohol. It possesses one molecule of water of crys- 
tallisation, which is completely removed on drying in vacuo over P.O; for four hours at 
115°. isoRauwolscine hydrochloride is acidic to litmus and liberates iodine from potassium 
iodide and potassium iodate. It is dextro-rotatory, [],*°=+098.5 (0.1269 g. substance 
in 50 c.c. water ; 1=s5o0 mm.). It is colorless when freshly prepared but slowly turns pink 
in air. [Found (in a specimen dried in vacuo over P,O; for 4 hours at 115°): C, 64.78; 
H, 7.09; N, 7-28; Cl, 9.3. C2,H..0;N2.HCI requires C, 64.54; H, 6.91; N, 7.17; 
Cl, 9.09 per cent]. 


The betaine hydrochloride gives the following colour reactions with concentrated 
sulphuric acid and other alkaloidal reagents. 
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TABLE I 
Reagent. Colour. 
Conc.H2SO, dt ... An indigo-blue colour is developed first and then it is slowly discharged 
Conc. HySO,+K,Cr,0;_ .. A mavy-blue colour which deepens on adding more K,Cr,O; and then 
quickly changes to purplish blue and finally to pale red 
Erdmann‘s reagent ... A bluish green colour changing to olive-green and finally to yellow. 
Mandelin‘s reagent -. A green colour gradually changing to olive-green, yellowish green and 
. yellow. 


Perchlorate of isoRauwolscine.—On adding an excess of perchloric acid (30%) 
to an aqueous solution of impure betaine, microscopic needles of betaine perchlorate 
separated. These on crystallisation from water melted at 256-58° (decomp.). ‘The per- 
chlorate is soluble in water and acidic to litmus. [Found (in a sample dried in vacuo 
over P.O, for 6 hours at 125°-130°) : N, 6.28 ; Cl, 8.11. C,,Hy.0,N2.HCIO, requires N, 
6.16 ; Cl, 7.8 per cent ]. 

Picrate of isorauwolscine was obtained as orange-yellow shining plates by similar 
process and a saturated solution of picric acid in water was used. ‘The picrate crystal- 
lised from alcohol in plates, m.p. 261-63° (decomp.). [Found (in a sample dried 
in vacuo): N, 9-71. Cs,Hs2s03;N2.CsH,OH(NO,);, 3 C.H;OH requires N, 9.71 per 
cent]. 

Chloroplatinate of isorawwolscine was prepared by adding an excess of an aqueous 
solution of platinic chloride (5%) to a faintly acid solution of betaine hydrochloride. 
The amorphous, pale orange precipitate was washed several times with water acidulated 
with hydrochloric acid. The precipitate was dried at 100° over P.O, for 6 hours in 
vacuo. The dried sample melted at 254° (decomp.). [Found (in a dry sample) : Pt, 17.13. 
(C2;H26O3N2)2-H2PtCl, requires Pt, 17.44 per cent]. 

Action of moist Silver Oxide on Rauwolscine Methiodide.—Rauwolscine methiodide 
(r.0 g.) in water (100 c.c.) was boiied for 15 minutes with freshly prepared moist silver 
oxide (1.5 g.). The mixture was filtered and the filtrate was evaporated under reduced 
pressure and the gummy residue separated was non-crystalline. On distillation at 
300°/5 mm. the residue decomposed and yielded a dark brown distillate which was 
digested with ether. The latter on resolution with hydrochloric acid (go c.c., 1%) 
produced two fractions : (A) basic and ‘B) non-basic. 

Isolation of Harman from the Basic Fraction (A).—The hydrochloric acid digest 
contained the basic fraction. lt was well cooled and basified with 1% sodium hydro- 
xide. The base separated was taken up in ether on shaking {200 c.c.). The ether 
on drying and evaporation produced a semi-solid residue which crystallised from benzene 
in colorless needles, m.p. 231°. Twice recrystallisation from the same solvent gave 
pure harman which did not depress the m.p. when mixed with a sample of synthetic 
harman. [Found (in a dry sample) : C, 79.28 ; H, 5.26; N, 15.30. Calc. for C,sHioN: : 
C, 79.12 ; H, 5.49; N, 15.38 per cent]. 

[he ethereal solution was washed with water, dried and evaporated. The oily 
residue having a faecal smeli, like skatole, gave positive pine chip test but all the methods 
to prepare its crystals and its crystalline picrate failed. 
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Distillation of isoRauwolscine at 290°-300° with KOH and Isolation of isoPhthalic 
Acid from the Degradation Product.—isoRauwolscine hydrochloride (5.0 g.} was dis- 
tilled with potassium hydroxide from a metal-bath heated to 290°-300°. An oil having a 
faecal smell distilled over. The oil, however, did not form crystals and could not pro- 
duce crystalline picrate, although positive test for pyrroles was obtained with pine chip. 
The non-volatile residue was dissolved in cold water (100 c.c.) and the dark red solu- 
tion was filtered from insoluble resinous matters and freed from non-acidic oily impuri- 
ties on extracting with ether. The aqueous aikaline solution on acidification ‘tested 
with Congo red) gave a brown mass which on sublimation at 310°-315° yielded a color- 
less solid, m. p. 346°. It crystallised from water as transparent glistening needles, 
m.p. 346°, yield o.2g. [Found (in a specimen dried in vacuo over P,O; at 120° 
for 4 hours): C, 57.63; H, 3.80. CsH,O, requires C, 57.84; H, 3.61 per cent]. 
The substance showed no depression in m.p. when mixed with synthetic isophthalic 
acid. 

DEPARTMENT OF PURE CHEMISTRY, 
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BEHAVIOUR OF CHLORONITROBENZENES WITH HYDRAZINE AND 
HYDRAZINE DERIVATIVES. PART I. PREPARATION OF 2-CHLORO- 
-4: 6-DINITRO- AND 2-BROMO-4:6-DINITRO-PHENYLHYDRAZINES 
AND THEIR HYDRAZONES 


By SHIAM SUNDER JOSHI AND DALEEP SINGH DgorRHA 


A few polynitrophenylhydrazine derivatives have been prepared by the action of hydrazine on 
such compounds in which either a chlorine or a nitro group is labile due to presence of at least two NO, 
either in 0:0 or in 0:p positions. 2-Chloro- and 2-bromo-4 :6-dinitrophenvlhydrazines have been reacted 
with a number of carbonvl compounds to yield phenylhydrazones. 


Hydrazine and substituted hydrazines are useful for a variety of purposes. They 
find use in the synthesis of many types of cyclic compounds, such as the pyrazoles, 
the triazoles, the diazines, etc. and also as reagents for carbonyl compounds. Some of 
them such as phenylhydrazine, phenylmethylhydrazine, p-nitrophenylhydrazine etc. 
were obtained by the reduction of diazonium and other suitable compounds (Fischer, 
Annalen, 1878, 190, 152; Bischler, Ber., 1889, 22, 2801; Purgotti, R. Acad. ‘Lincei, 
1893, 1v, 7, 267). A few polynitrophenylhydrazines were prepared by the action of 
hydrazine on such compounds in which either a chlorine atom or a nitro group was labile 
due to the presence of at least two nitro groups, either in both of the ortho positions or in 
the ortho and in the para positions: 


xX NH.NH, x NH.NH, 
Né ( y Os NH,NH;N¢ ¥ Oz O Oz NH,NH, a, Os 
--——-—> een 
NO, NO, 


[where X =a halogen atom or a nitro group | 


Thus by the substitution of the halogen atom by a hydrazino group (-NH.NH,) 1-chloro- 
2:4:6-trinitrobenzene, 1-chloro-2:4-dinitrobenzene, 1-chloro-2:6-dinitrobenzene, 1-chloro- 
-3-methyl-2:4-dinitrobenzene, 1:3-dichloro-4:6-dinitrobenzene gave respectively 2:4:6 tri- 
nitrophenylhydrazine (Purgotti, (:azzetta, 1894, 24, 113),2:4-dinitrophenylhydrazinz 
(Purgotti, ibid., 555), 2: 6-dinitrophenylhydrazine (Borsche and  Rantscheff, 
Annalen, 1911, 379, 171), 3-methyl-2:4-dinitrophenylhydrazine (Borsche and Fiedler, 
Ber., 1913, 46, 2129), 3-chloro-4:6-dinitrophenylhydrazine (Borsche, Ber., 1921, 54, 669) 
and by replacement of a nitro group by a hydrazino group 2:4:5-trinitrotoluene, 
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2:3:5-trinitrotoluene, 3:4:5-trinitrotoluene,2:3:4-trinitrotoluene yielded respectively 3-meth- 
yl-4:6-dinitrophenylhydrazine (Giua, Gazzetia, 1919,49, 171; R. Acad. Lincei, 1910, v, 28, 
365), 2-methyl-4:6-dinitrophenylhydrazine (Brady and Bowman, J. Chem. Soc., 1921, 119, 
894), 4-methyl-2:6-dinitrophenylhydrazine {Brady and Bowman (loc. cit.), 3-methyl-2:6- 
dinitrophenylhydrazine (Giua, Gazzetta, 1918, 48, 14; R. Acad. Lincei, 1918, 2, 
27, 251). 

In the course of the present investigations a number of dinitrophenylhydrazines 
have been prepared. Two of them, 2-chloro- and 2-bromo-4:6-dinitrophenylhydra- 
zine are described in this paper. Both of them have been obtained by the interaction of 
hydrazine and the corresponding reactive chloro compounds, viz.,1:2-dichloro-4:6-dinitro- 
benzene (Ullmann and Sane, Ber., 1911, 44, 3734) and _1-chloro-2-bromo.4:6-dinitroben- 
zene (Sane and Joshi, J. Chem. Soc., 1924, 125, 2482). These hydrazines are quite re- 
active and easily combine with aldehydic and ketonic compounds, sometimes by mixing 
the alcoholic solutions even in cold, to form the corresponding phenylhydrazones. Pre- 
sence of concentrated sulphuric acid, in small amounts, accelerates the condensation, 
particularly in the case of aliphatic carbonyl compounds. They alsodo not yield osa- 
zones with sugars just like 2:4-dinitrophenylhydrazine (Allen, J. Amer. Chem. Soc., 


1932, 52, 2955). 


ExPERIMENTAL. 


2-Chloro-4:6-dinitrophenyihydrazine.—Hydrazine solution [obtained by mixing a 
solution of hydrazine sulphate (5.6. g.) in hot water ‘20 ml.) with potassium acetate 
(14 g)., boiling for 5 minutes, then mixing with alcohol (10 ml.) and finally filtering and 
washing with hot alcohol (10 ml.) ] and 1:2-dichloro-4:6-dinitrobenzene (9.5 g.} were boil- 
ed together. Soon after a solid began to separate. After about 30 minutes the mass 
was cooled and filtered (7.5 g.). Chlorodinitrophenylhydrazine is slightly soluble in 
alcohol and crystallises from an excess of it in yellow crystals, m.p. 175°. (Found: Cl, 
15.41. C.H,O,N,Cl requires Cl, 15.25 per cent) (cf. Allen, loc. cit.). 

2-Chloro-4: 6-dinitrophenylhydrazine (1.8 g) was also obtained when a solution of 
1:2-dichloro.4:6-dinitrobenzene (2.4 g.) in alcohol (10 ml.; and 50% hydrazine hydrate 
solution (2.5 ml.) were boiled together for 2 to 3 minutes. 

2-Bromo-4:6-dinitrophenylhydrazine was obtained by the methods described above 
by taking proporticnate quantity of 1-chloro-2-bromo-4:6-dinitrobenzene in place of 
1:2-dichloro-4:6-dinitrobenzene. Bromodinitrophenylhydrazine is also slightly soluble 
in alcohol and crystallises from an excess of it in yellow crystals, m.p. 172°. (Found : Br, 
29.23. C,H;O,N, Br requires Br, 28.88 per cent.) 

Preparation of Hydrazones from 2-Chloro- and 2-Bromo-4:6 dinitrophenylhydra- 
zines.—Hydrazones are obtained in nearly quantitative yields by refluxing for 4-5 
minutes a mixture of the phenylhydrazine (0.5 g.) in alcohol (5 ml.) and equimolecular 
proportions of the carbonyl compound, in presence of 1 to 2 drops of concentrated 
sulphuric acid. They are purified by crystallising from an excess of alcohol. 
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Carbonyl! compounds. 


Hydrazones from chloro- 


dinitropheny] hydrazine. 


M.p. 
Acetone 138° 
Methylethy! ketone 104° 
Benzaldehyde 198° 
p-Hydroxybenzaldehyde 234° 
m-Hydroxybenzaldehyde 257° 
Salicylaldehyde 227° 
Anisaldehyde 214° 
Cinnamic aldehyde 187° 
Vanillin 234° 
Protocatechuic aldehyde 234° 
o-Chlorobenzaldehyde 238° 
Acetophenone 165° 
p-Methylacetophenone 194° 
Benzophenone 186° 


The authors’ thanks are due 
ing out preliminary experiments. 
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CHEMICAL COMPOSITION OF ALOE FIBRE 
By D. B. Das, M. K. MirrA anp J.F. WAREHAM 


Aloe is very coarse or stiff in comparison with jute. In this investigation attempts have been made 
to find out the cause from a study of its chemical composition. It has been observed that the fibre 
contains a remarkably low lignin content and a high fat and a-cellulose contents contradicting the 
belief that the stiffness of lignocellulosic fibre is due to its high lignin, low fat and a-~<ellulose con- 
tents. From the study of the chemical composition of Hibiscus cannabinus fibres it appears that the 
stiffness of the Aloe fibre is due to its high xylan and polyuronides contents and not to its lignin, 


a-cellulose or fat contents. 


The partition of India has resulted in a deficiency of jute for the Indian jute mills 
and as Aloe grows in India in considerable quantities in dry and rocky ground where 
growing of jute is unfavourable, this fibre appears to be a promising substitute for jute. 
Aloe has previously found an application in the manufacture of ropes and sacking. 
The fibres are, however, too harsh, stiff and coarse to be spun into medium weight 
yarns. To produce yarns for hessians, it is therefore necessary to find out means for 
softening the aloe fibres. The purpose of this paper is therefore to investigate the cause 
of stiffness of this fibre prior to devising means for improving its quality. 

As the chemical composition of aloe fibre has not been determined previously the 
present investigation has been undertaken. It can be seen below that even the infor- 
mation available at present in the literature regarding the chemical composition of fibres 
of the same species e. g. sisal, is also incomplete and contradictory. -Cellulose, 
lignin, hemicellulose, mineral matter, natural fats, nitrogenous and colouring matter 
are the usual constituents of the lignoceiluiose fibres Hemicellulose is composed of 
hexosan of low molecular weight such as glucose, galactan and mannan, pentose like 
xylan and araban and polyuronides including pectin giving glucouronic and galactouronic 
acids. Mathew (‘“Textile Fibres’’, 1948, Chapman & Hall, p. 380) reports the 
composition of sisal fibre as moisture 11.5%, ash 1.0%, lignin 14.5% and cellulose 
72%, but did not mention the values for total hemicellulose, %-cellulose, xylan, 
polyuronides, hexosans, fat and nitrogen contents of the fibre. Sarkar and co-workers 
(J. Soc. Dyers & Col., 1947, 68, 22g) on the other hand, while investigating the acid 
nature of the vegetable fibres in relation to the basic dye absorption, reported the 
composition of sisal as lignin 6.27%, holocellulose 91.67%, cellulose 64.84%, ash 
0.62%, carbon dioxide 1.16%, and furfural 12.20%. They, however, did not estimate 
the fat content of the fibre. ‘There is thus a considerable difference between the composi- 
tion of sisal fibres as reported by Mathew and that by Sarkar and co-workers. Aloe is 
likely to be different from sisal aithough both belong to the same species. 

The stiffness of the lignocellulose fibres is said to be due to their high lignin 
content or the presence of hemicelluloses or both. From a study of the chemical compo- 
sition of Bimli and Mesta fibres in this laboratory (Das, Mitra and Wareham, in the press) 
it appears that the stiffness of these fibrés is not due to the presence of lignin but to the 
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hemicellulose, especially xylan and polyuronides. The present investigation was therefore 
undertaken to determine if the same is true for aloe fibre. 

In this investigation colouring and nitrogenous matters have not been estimated as 
their percentages are negligible, 


ExPERIMENTAL 


‘The sample which was obtained from Madras was very coarse and stiff. In view of 
the fact that this fibre may vary in composition along the stem length, the sample was 
divided into 3 parts, root, middle and tip in such a way that tiese divisions were 
approximately equal in weight though not in length. For the purpose of comparison 
a sample of white jute (C. Capsularis) procured from 24-Parganas was also analysed 
which was not divided and therefore represented the whole plant stem. Four samples 
thus obtained were then air-conditioned. 

Fat Content.—The fat content was determined by soxhleting about 20 g. of the 
conditioned raw material with a mixture of alcoho! and benzene (1: 1 by volume) for 
6 hours and after filtration, estimating the total solid content (dry wt.) of the extract. 
Moisture was deterinined on a counter sample and figures were calculated on the 
dry weight of the fibre. Substances other than fat, e. g. colouring matter etc. are 
also included in these figures but as their amounts are very sinall no corrections have 
been made. Experiments were carried out in duplicate. After extracting as above, the 
samples were dried in air, washed thoroughly in distilled water and dried in air again. 
Each sample was then cut into short lengths, bark and specks were removed as far as 
possible and then conditioned in air. These samples were then used for the subsequent 
experiments. 

Ash Content.—Defatted conditioned fibre {2 g. approx.) was taken for each 
experiment for the estimation of ash content. The moisture of the fibre was determ:ned 
on a counter sample and the results were calculated after making necessary 
corrections for the fat content. 

Estimation of Lignin.—Both the modified ‘sulphuric acid method’ of Norman and 
Jenkin ‘Biochem. ]., 1934, 28, 2147, and the ‘chlorite method’ of Chattopadhyaya and 
Sarkar (Proc. Nat. Inst. Sci., 1946, 12, 23) were used for the estimation of lignin, 2 g. of 
finely cut defatted fibre being used for each estimation. 

For the ‘sodium chlorite method’ jute was treated with 0.7% sodiu:n chlorite 
(textone) for 2 hours at the boil on a water-bath (liquor ratio 1: 50) at px between 4.5 
and 5 using acetic acid and sodium acetate buffer (Walpole). It was then filtered through 
a tared 1G3 sintered glass crucible and washed thoroughly with distilled water. The 
residue, as holocellulose, was then dried at 105° to a constant weight. The lignin was 
determined by the loss in weight and caiculated on the dry weight of the original fibre. 

2-Cellulose and Total Hemicelluloses.—e-Cellulose was estimated by treating 
the holocellulose obtained from the chlorite process as outlined above with sodium 
hydroxide solution according to the A. C. S. method modified by Sarkar and co-workers 
(J. Text. Inst., 1948, 39,44). The results were calculated on the dry weight of the 
raw fibre after necessary correction for its fat content. Hemicellulose contents were 
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calculated by deducting the sum of the corresponding values for -cellulose, lignin, 
fat and wax and ash contents from 100. For this purpose the values obtained by 
chlorite process were used. 

Estimation of Furfural.—Furfural was estimated. by the method of Schorger 
(cf. Doree, ‘‘Method of Cellulose Chemistry’’, 1933, p. 361, Chapman & Hall, London) 
with slight modification of Chattopadhyaya and Sarkar ‘loc. cit.), the formula given by 
Doree (ioc. cit., p. 363) having been used for the calculation. 

Estimation of Carbon Dioxide Vaiue.—The method of Nanji, Paton and Ling 
(cf. Doree, idid., p. 372) was used in the determination of carbon dioxide, the period 
of boiling the fibre with hydrochloric acid being 3 hours. But as Sarkar, Majumder 
and Pal (J. Text. Inst., 1948, 39, T44) showed that in the case of jute uronic acid 
carbon dioxide represented about 80% of the total carbon dioxide, sma!l amount of carbon 
dioxide being obtained from +-cellulose 10.17%), glucose (0.4%), xylose (0.4%), 
the values of uronic acid carbon dioxide were calculated. on the assumption that the 
same relationship aiso holds good for aloe fibres. The percentage polyuronides was 
then calculated from the relation given by Nanji, Paton and Ling(loc. cit.) as below. 

% Uronic CO, calculated x 4=% uronic anhydride. 

It has been found by Norris and Resch (Biochem. J., 1935, 29, 1594) that the 
furfural due to polyuronides is 23.5% of the weight and that for 2-cellulose due to 
Sarkar et al. (loc. cit.) is 1.23%. ‘The balance of the total furfural is derived from 
pentosan, the amount of pentosan as xylan being. 

Furfural x roo (Krobers table) 
64-3 

Hexosan Content.—Hexosan was calculated by subtracting the sum of pentosan 
and polyuronide from the total hemicellulose. 

The results of the chemical analyses are shown in the table below where only the 
average values of the duplicate experiments are recorded. 





TABLE I 
Aloe White jute. 
Root. Middle. Tip. Average. 
Fat content 2.17 2.01 2.44 2.21 0.82 
Ash content 1.39 0.90 0.83 1.04 0.81 
Lignin (HySO, method) 6.74 5.30 6.46 6.17 11.978 
Lignin (Chlorite method) 6.65 5.21 6.40 6.09 11.8% 
a-Cellulose 61.42 66.22 66 o1 64.55 61.40 
Total hemicellulose 28.37 25.66 24.32 26.12 25.12 
Fu:fural 11.48 12.28 10.58 11.45 9.38 
Carbon dioxide value 1.68 1.65 1.83 1.72 1.26 
Polyuronides 5.38 5.28 5.84 5.50 4.04 
Xylan 14.65 15.84 13.02 14 50 11.90 


Hexosan 8.34 4.54 5-46 6.11 9 18 
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DISCUSSION 


Aloe differs from jute by its remarkable low lignin content. It can be seen that 
this fibre, although contains a much higher proportion of fat and lower percentage of 
lignin, is very stiff, indicating that a higher fat and lower lignin content do not always 
result in soft fibres. 

Chattopadhyaya and Sarkar’s method (loc. cit.) of determining lignin for aloe fibres 
agrees well with the modified sulphuric acid method of Norman and Jenkin. Fat, ash, 
lignin and 2-cellulose do not vary in any definite manner along the stem length of the 
aloe fibre but it appears that hemicellulose content is appreciably higher towards the 
root. 

Aloe contains a higher percentage of @-cellulose than white jute contradicting the 
belief that soft fibres are those which contain less non-cellulosic matter. 

Although the average hemicellulose content of aloe fibre is only slightiy higher than 
jute, both xylan and polyuronides contents of the former are generally higher than the 
latter, in agreement with the view that lowest quality fibre contains the highest amount 
of xylan (cf. Powrie and Speakman, J. Text. Inst.. 1943, 34. 1777). The results 
therefore indicate that a higher xylan and polyuronide content and not lignin, fat 
or «-cullulose are responsible for the coarseness or stiffness of aloe fibre. ‘This con- 
clusion supports our previous view derived from the study on the chemical composition 
of Hibiscus cannabinns fibres (in the press). 

The authors record their indebtedness to the Directors of Messrs. Jardine Henderson, 


Ltd., for their permission to publish this paper. 
JARDINE HENDERSON, LTD.. 
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STUDIES IN CHALKONES: CHALKONES DERIVED FROM 
HYDROXYACETYLBENZOIC ACIDS 


By G. N. VyAs AND N. M. SHAH 


2-Hydroxy- and 4-hvdroxy-5-acetylbenzoic acids have been condensed with various aldehydes in 
presence of alkali and the corresponding chalkones containing carboxyl group have been prepar+ d for 
the first time. 


The easy accessibility of 2-hydroxy- as well as 4-hydroxy-s-acetylbenzoic acids 
on account of the systematic investigation of the Fries migration of 2-acetoxy- and 
4-acetoxy-benzoic acids (Shah and Shah, this Journal, 1949, 26, 237) opens the way 
through suitable reactions to the synthetic preparations of various heterocyclic 
compounds containing carboxyl group. As a part of the comprehensive scheme for 
synthesising such compounds, the present investigation was undertaken. 

A considerable amount of work has been done on the chalkones containing different 
groups. Chaikones containing hydroxy and methoxy groups ‘Geissmann and Clinton, 
J. Amer. Chem. Soc., 1946, 68, 697; Wheeler and co-workers, J. Chem. Soc., 1937, 
866 ; 1938, 1320; Venkataraman and co-workers, ibid., 1935, 866; 1936, 569; Lal, this 
Journal, 1939, 16, 2906; Shah, J. Univ. Bom., 1942, 109), nitro and amino groups ‘Egler 
and Doraut, Ber., 1895, 28, 2497; 1902, 35, 1065 ; Baeyer and co-workers, Ber., 1882, 
15, 2856; 1886, 16, 1968 ; Hansrupe et al., Brit. Abs., 1897, i, 371; Ber., 1901, 34, 3527; 
Brit. Abs., 1906. i, 754; Tanasescu, ibid., 1936, 1110; Chem. Abst., 1948, 42, 2622) 
and halogens in the molecule (Kostanecki et al., Ber., 1808, 31, 710; 1896, 29, 244; 
Kunckeli, Ber., 1911, 44, 3654; Barnes and Payton, J]. Amer Chem. Soc., 1936, 58, 
1300) have been studied by several workers. But the chalkones containing carboxyl 
group have practically remained uninvestigated. The work described here is concerned 
with the preparation of such chalkones. 

2-Hydroxy- and 4-hyoroxy-5-acetylbenzoic acids were condensed with various 
aldehydes in presence of alkali (caustic potash solution). The reaction was found to 
take place smoothly, the corresponding chalkones being obtained in good yield. 
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Thus it is clear that the presence of carboxy! group does not diminish the reactivity 
in the above chalkone formation. However, on account of the reversible nature of the 
reaction (Shriner and Kurosawa, J. Amer. Chem. Soc., 1930, 52, 2538) the concentration 
of alkali greatly affected the yield of the chalkones. Thus for example, in the 
condensation of 2-hydroxy-5-acetylbenzoic acid with benzaldehyde, the use of different 
concentrations of alkali showed that higher concentrations of alkali reduced the yield ; 
while in the case of anisaldehyde, salicylaldehyde and m-hydroxybenzaldehyde, the 
reverse was found to be the case. To get the maximum yield of the chalkones, the 
condensations were carried out under various conditions and by suitable adjustment 
of the conditions like concentration of alkali, temperature and period of reaction, 
good yield of the chalkone could be obtained. 

The notable properties of these chalkones are that they are bright yellow or red 
compounds with high melting points. They all dissolve in concentrated su!phuric 
acid with red coloration and give yellow or orange solutions in alkali. They 
also dissolve slowly in sodium bicarbonate solution. With alcoholic ferric chloride 
the chalkones derived from 2-hydroxy-5-acetylbenzoic acid give characteristic reddish 
violet coloration and those derived from the 4-hydroxy isomer give reddish brown 
coloration. Generally, they are moderately soluble in alcohol and acetic acid, while 


sparingly soluble in non-aqueous solvents. 


EXPERIMENTAL 
Chalkones derived from 2-Hydroxy-5-acetylbenzoic Acid 


4-Hydroxy-5-carboxyphenyilstyryl Ketone.—Potassium hydroxide solution (15 c.c., 
40%) was gradually added to a mixture of the keto-acid ‘5 g.), benzaldehyde 
(4.5 g.) in alcohol (30 c.c.) with shaking and cooling. The reaction mixture was then 
kept overnight at room temperature. The resulting orange solution was diluted with 
water (300 c.c.) and acidified with cold dilute hydrochloric acid (1:1). The solid was 
collected and crystallised from alcohol as yellow needles, m.p. 238°, yield 4.5 x. 
(Found: C, 71.4; H, 4.4. CysHi20, requires C, 71.6; H, 4.5 per cent). 

The condensation was repeated using higher concentrations of alkali (60%, 80%) 
but the yield of the chalkone was much reduced. 

4-Hydroxy-5-carboxyphenyl-4’-methoxystyrvl Ketone.—The acid (5 g.' was similarly 
condensed with anisaldehyde (5 g.! in presence of alkali (30 c.c., 80%). The solid 
obtained as before was crystallised from alcohol as yellow lustrous needles, m. p. 189°, 
yield 5.0g. (Found: C, 68.1; H, 4.6. C,,H,,O; requires C, 68.4; H, 4.7 per cent). 

The above condensation was tried with lower concentrations of alkali but the yields 
were not satisfactory. 

4-Hydroxy-5-carboxyphenyl-2'-hydroxystyryl Keione-—The acid {3 g.) was 
coudensed with salicylaldehyde (3 g.) in presence of alkali (20 c.c., 80%) as in the 
previous case and the chalkone obtained as before was crystallised from dilute alcohol 
in red prisms, m. p. 190°, yield 2.0 g. (Found*: C, 63.7; H, 4-4. Ci.H,.20;, H,O 


requires C, 63.6; H, 4.6 per cent;. 
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As before, in this condensation lower concentrations of alkali led to the diminution 
of yield of the chalkone. 

4-Hydroxy-5-carboxyphenyl-2’-methoxystyryl Ketone.— This vhalkone was 
obtained by condensation of the acid (1 g.) with o-methoxybenzaldehyde (1 g.) in 
alcohol (15 c.c.) using potassium hydroxide {25 c.c., 40%); the mixture was heated 
on a water-bath at go° for half an hour and left overnight. The bright yellow solid 
isolated as before was crystallised from acetic acid as bright yellow fibrous needles, 
m. p. 243° ‘decomp.), yield 0.8 g. (Found: C, 68.2; H, 4.5. C,,HisOs requires C, 68.4; 
H, 4-7 per cent). 

4-Hydroxy-5-carboxyphenyl-3'-hydroxystyryl Ketone.—The keto-acid (1.5 g.) 
was condensed with m-hydroxybenzaldehyde (1.2 g.) in presence of alcohol (15 c.c.) 
and potassium hydroxide ‘10 c.c., 80%) as above. 

The chalkone crystallised from nitrobenzene as pale yellow leafy crystals, m. p. 207°, 
yield o6g. (Found: C, 67.5; H, 4.3. CisH).0; requires C, 67.6; H, 4.2 per cent). 
This condensation was also investigated under various conditions and heating on 

a water-bath was found necessary. 

4-Hydroxy-s5-carboxyphenyl-4'-hydroxystyryl Ketone.—The keto-acid (2 g.) 
was condensed with p-hydroxybenzaldehyde (1.5 g.) im presence of alcohol (15 c c.) 
and potassium hydroxide (10 c.c., 65%), the reaction mixture being heated on 
a water-bath at 75° for 14 hours. The substance obtained as before was boiled with hot 
water and the residual chalkone crystallised from dilute alcohol as yellow clusters 
of necdles, m.p. 252°, yield 1.3g. (Found: C, 63.3; H, 4.1. C,sH,.0; requires 
C, 67.6; H, 4.2 per cent). 


Chalkones derived from 4-Hydroxy-5-acetylbenzoic Acid 


2-H ydroxy-5-carboxyphenylstyryl Ketone.—To a suspension of 4-hydroxy-5 acetyl- 
benzoic acid (2 g.) in alcohol (50 c.c.) and benzaldehyde (2.0 g.) caustic potash 
solution ‘25 c.c., 40%) was gradually added with shaking and cooling. ‘The reacting 
mixture was left overnight at room tem perature. It was then diluted with water and 
acidified with cold dilute hydrochloric acid. The solid crystallised from acetic acid as 
yellow rectangular plates, m.p. 224°, yield 2.5 g. (Found*: C, 71.2; H, 4.4. C,.6H,,0, 
requires C, 71.6; H, 4.5 per cent). 

2-Hydroxy-5-carboxyphenyl-4'-methoxystyryl Ketone.— This chalkone was 
prepared by the above method from the keto-acid (2 g.), anisaldebyde (2.5 g.) in alcohol 
(50 c.c.) using potassium hydroxide solution (30 c.c., 60%). The reaction mixture 
was heated on a water-bath for 5 minutes and left overnight at room temperature. 
The flocculent soild obtained as before was crystallised from acetic acid as yellow 
shining needles, m.p. 235°, yield 2.3 g. (Found: C, 68.0; H, 4.5. C,,Hi,O,; requires 
C, 68.4; H, 4.7 per cent). 

2-H ydroxy-5-carboxyphenyl-2’-methoxystyryl Ketone.—The keto-acid (2 g.). 
o-methoxybenzaldehyde (2.0 g.) and alcohol (40 c.c.)} were mixed with caustic potash 
solution (15 c.c., 60%). The chalkone obtained as before was crystallised from acetic 
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acid as yellow leaflets, m.p. 246°, yield 1.3 g. (Found: C, 68.2; H, 4.3. CivHi, 
requires C, 68.4; H, 4.7 per cent). 

2-Hydroxy-5-carboxyphenyl-3’-hydroxystyryl Ketone.—The keto-acid (1 g.) 
was dissolved in potassium hydroxide solution (25 c.c., 40%) and the solution of 
m-hydroxybenzaldehyde (1 g.) in alcohol (30 ¢. c.) added to it. The reaction mixture 
was heated on a water-bath for 30 minutes and left overnight at room temperature. 
It was acidified and the soild obtained was crystallised from acetic acid as deep yellow 
tiny needles, m.p. 230° (decomp.), yield 0.85 g. (Found: C, 67.4; H, 4.3. CieHi20s 
requires C, 67.6; H, 4.2 per cent). 

2-Hydroxy-5-carboxyphenyl 4’-hydroxysiyryl Ketone.-—This cha!kone was obtain- 
ed from p-hydroxybenzaldehyde exactly in the same manner as in the case of m- 
hydroxybenzaldehyde described above, as yellow leaflets, m.p. 220°, yield 0.4 g. 
(Found: C, 67.2; H, 4.0. C,.H,.O; requires C, 67.6; H, 4.2 per cent). 


*The C-H determinations marked with asterisk are micro-analyses by Mr. P. L. Trivedi, M.Sc, 


to whom the authors’ best thanks are offered. 
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ATOMIC PARACHOR OF COPPER 


By W. V. Buacwat, R. P. SHUKLA AND S. S. DESHAPANDE 


Parachor of copper has been determined from the study of a covalent compound, copper acetoacetate. 
The value 4o is of the same order of magnitude as obtained from fused copper and copper chloride in 
methyl! alcohol. It is again confirmed that the parachor of a substance in dissolved state is lower than 
in prre state. 

Atomic parachor of copper from its compounds has not been determined. Smith 
and Sugden Sugden, “‘Parachor and Valency’’, p. 198) have determined its atomic para- 
chor in a fused state. The values obtained by them are 44.8 and 47.0 respectively. In 
view of the very high temperature (m.p. of copper) used in determining surface tension 
and density, the results need verification as the results might not be reliable. The best 
way therefore to determine the parachor is from the study of the parachor of copper 
chloride (anhydrous) in methy! alcohol where there is little chance of ionisation. 


TABLE I 
Parachor of cupric chioride in methyl alcohol. 


x (CuCl), Temp d. x Py. Px. 
0.04343 22.3° 0.9311 29.82 91.85 152.4 
— 25.0° 0.9283 29.54 91.65 154.0 

- 30.0° 0.9234 28.34 o1.51 150.8 
0.06585 21.8° 1.006 33-39 93-12 154.8 
- 25.0° 1.000 33.63 03-34 1581 

” 30.0° 0.9961 32.87 93-21 156.2 
0.08390 21.3° 1.0530 35-45 94 24 153.2 
‘i 25.0° 1.0500 36.04 94-54 156.8 

eo 30 0° 1.4800 35-68 94.65 158.0 


Assuming that cupric chloride does not ionise in methyl alcohol, the parachor 

of copper can be calculated as follows:— 
Pou = Pcucy—2 Pei 

The average value of Peuci, is 153. The value for 2Pci =2 x 54.3=108.6. Hence the 
value of parachor of copper is 153-108.6 = 44.4. This value is in excellent agreement with 
that obtained for molten copper. 

We also prepared the copper salt of ethylacetoacetate, which like similar well 
known compounds of other metals is a non-electrolyte. 


CH;.C__O O___C.CH; 
Hee Sut Ncw 
C.H;.0.C0 O O CO.CH, 

The copper in this compound has a co-ordination number of four. The dotted 
arm according to modern theory represents a semipolar bond, both the electrons being 
donated by oxygen atom in each case. On the ground that the polar link between 
oxygen and copper makes oxygen positively charged and copper negatively charged, 
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which is contrary to the accepted principle, Sugden suggested redistribution of electrons 
in such compounds assuming that links are formed by singlets and triplet instead of 
duplets of electrons. This would make all tke atoms neutral, but this would give only 
four electrons to copper, which is equally unsatisfactory. 

It is interesting to find what light is thrown on the two suggested constitutions from 
the study of parachor of copper ethylacetoacetate in CHCl, as solvent. The results 
are as follows. 


TABLE IT 
x(Copper acetoacetate). Temp. d. r. Pm. Px. 
0.02554 23.3° 1.4730 26.45 195-2 603.2 
0.01781 20.6° 1.4750 28 05 191.9 607.0 
0.01860 20.2° 1.4710 27.37 192 3 602.2 


On average the value of copper ethylacetoacetate may be taken as 602.2 XP omiting 
copper for (C,H,O;),= 295.2  2=590.4. This gives the value for copper aS 602—500.4 
=11.6. This is abnormally low %s compared to the values obtained from fused copper 
and anhydrous copper chloride in methyl alcohol, the value being Pcou=44.0. If singlet 
or triplet formulae are used, the value of SP=272 x 2=544, and hence the value of Peu= 
602—544=58. The value is higher than 44 but approaches it toa greater extent than 
the value 11.6 obtained from semipolar structure of copper acetoacetate. 

The above method used by us on the lines of Sugden needs criticism. Sugden has 
used this procedure in case of beryllium salts and thallous salts. According to him the 
structure of the type (I) may change either to (II) or (IIJ) or (IV) (cf. ‘“‘Parachor and 
Valency,’’ p. 143). In calculating SP Sugden has assumed the structure (III) and not the 
(IV) which is actually neutral. SP of the fourth structure for (C,H,O,) is not 272. There 
is no justification for this procedure. The objection to formulae (III) can be raised on 
the ground that one oxygen is positive and other is negative, contrary to the fact that 
oxygen can be negative only. Further, Sugden has compared his values (‘‘Parachor and 
Valency,’’ p. 145) with those obtained from the compounds which are salts. It is 
well known that the binding in salts is electrovalent and not covalent. The values there- 
fore obtained for electrovalent compounds cannot be compared with those in which metai 
is covalently linked. The parachor of thallium calculated in this way by Sugden is not 
justified. It is a general observation that the parachor of a substance in a solvent is 
generally lower than in the pure state. In case of ethylacetoacetate the same was 
observed and the value in benzene 1s much lower th@n the calculated value (Pom. =2098 
and Peat = 306’. The value of parachor of copper acetoacetate in chloroform therefore 
must be lower than that of the substance in pure liquid from. It is suggested therefore 
that there is no justification in substituting calculated =P of (C,H,O;), in the observed 
value of copper acetoacetate in chloroform. The value to be considered should be one 
which is comparable, that is in solution. This value is 298 and hence P(C,H,O;).= 
(298 — 17.2) x 2= (280.9) X 2=561, the value of Pru therefore is 602—561.8=40, which is 
in good agreement with the values obtained for molten copper and for Pau from 
anhydrous cupric chloride in methyl] alcohol. 
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A NOTE ON PARACHOR OF SULPHUR AND SOME ORGANIC 
COMPOUNDS IN SOLUTION 


By W. V. BHAGWAT AND R. P. SHUKLA 


Sugden (J. Chem. Soc., 1924, 125, 32, 1177 ; 1925, 1525, 1868) has determined the 
parachor of sulphur in fused state over a wide range of temperature extending from 
116° to 445°. The value comes out to be about 49 and is practically constant over 
the whole range. We have determined the parachor of sulphur in dissolved state using 
carbon disulphide as the solvent. ‘The results are summarised below. 


TABLE I 
x (Sulphur). d r. Pm. Ps. 
0.2179 1.325 35-61 122.9 42.7 
0.1867 1.292 33-27 125.6 410 
0.2315 1.316 33-95 120.7 51.8 
0.3359 1.345 32.80 119.0 44.1 


Sugden (loc. cit.) grouped associated liquids, whose parachor is a function of tem- 
perature, into two classes, non-conductors and conductors. Sulphur comes in non- 
conducting group, hence the deviation from the predicted value could be accounted 
for by the structure of the complex molecules. ‘The vapour of sulphur polymer near 
the boiling point chiefly consists of S, molecules, while its molecular weight in various 
solvents indicates a complexity varying from 5, toS,. The Ramsay-Shield constant 
gives the value S,, while Walden constant at boiling point gives a complexity S;-2. 

Inspite of the complexity of the sulphur molecule the value calculated ag is constant 
and is not a function of temperature and is of the same order as found from its organic 
compounds. The value 44 (average), found by us, is of the same order and confirms 
the statement made by us in various papers that parachor of a solid in dissolved state 
is generally lower than in liquid or fused state. 

The behaviour of sulphur in giving a value of 49 for S atom is explained on the 
basis of the duplet linkages between sulphur atoms. If, for example, it is supposed 
that six-membered ring is formed, as in formula §,, then the parachor per sulphur atom 
calculated for this structure is (6 x 48.2 -6.1)/6=49.2 which is very ciose to the observed 
value. 

The parachor of nitro compounds is of interest. It has been shown that nitro group 


can be represented in various ways as : 


O -O -O O 
pi ra - yA r4 
—N —N\ —Ni —N 
\ ) Xo “™“/) O 


the values for parachor of these groups representations being 98.9, 74.1 and 69.2 res- 
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pectively. The value as obtained for the liquid in pure state corresponds to 74.1 show- 
ing that one of the bond is asemipolar bond. We have tried to determine the value 
of this group in dissolved state by dissolving p-nitrotoulene and 1: 3-dinitrobenzene 
in benzene. The results are recorded below. 


TABLE iI 


Parachor of p-nitrotoluene. 


x (p-Nitrotoluene). Temp. d. r. Pm. Px. 
0.1647 20.5° 0.9335 29.65 219.5 300.4 
0.2676 21.8° 0.9404 35-31 230.1 300.4 

m 25.0° 0.9395 35.02 229.6 298.6 

ae 30.0° 0.9353 34.68 229.9 299 7 

0.1903 21.9° 0.9401 30.25 222.8 301.6 

- 25.0° 0.9381 30.06 222.9 302.1 

30.0° 0.9362 29.04 223.1 303-4 
TABLE III 


Parachor of 1: '3-dinitrobenzene. 


x(1 :3-Dinitrobenzene). Temp. d. r. Pm. Py. 
0.1148 23.4° 0.9595 30.70 217.9 315.3 

ma 25.0° 0.9576 29.68 215.3 307-5 

oa 30.0° 0.9561 29.32 215.3 307-5 

0.06281 23.0° 0.9223 29.57 211.3 316.2 

“i 25.0° 0.9181 28.97 211.3 316.2 

= 30.0° 0.9166 28.91 211.4 318.4 

0.09809 22.0° 0.9473 30.14 214.9 313.7 

me 25.0° 0.9462 29-35 214.5 313.0 

o 30.0° 0.9456 29.35 214.9 313-7 


Following table gives the value of nitro group as obtained in solution. 


TABLE 1V 
p-Nitrotoluene. 1 :3-Dinitrobenzene. 
Paracbor (obs.) ed ese 301.1 315.0 
P. calc. (omitting nitro group) sil 299.0 172.9 
P for nitro group — nee 72.0 2* 71.0 


The results indicate that the solution method can give correct values for nitro group 
as obtained from pure liquid nitrocompounds. It is to be seen that the value obtained 
is low as is expected in accordance with our general observation that parachor values 
of solids as obtained in dissolved state are some what low. 


CHEMISTRY DEPARTMENT, 
MADHAV COLLEGE, UJJAIN 

AND Received May 27, 1950. 
Ho_kKarR COLLEGE, [NDORE. 











a ane 





, ae ee 


































[Your. Indian Chem. Soc., Vol. 28, No. 1, 1951] 


APPLICATION OF FITTIG’S REACTION TO THE SYNTHESIS OF 
SIDE-CHAIN AROMATIC ETHERS 


By Nemr CHanp JAIN, RAMPRASAD KAUSHAL AND SHANKER SHRIDHAR DESHAPANDE 


Bromobenzene and para-dibromobenzene react with chloromethyl ether in presence of metallic 
sodium forming benzylmethyl ether and p-bromobenzylmethvl ether respectively. Tribromobenzene 
does not react at all probably due to steric hindrance Diphenylethyl ether is prepared which has 
no smell. 

The chief component of the essential oii from the Keora perfume has been shown by 
Deshapande (this Journal, 1938, 15, 509) to be the methyl] ether of S-phenylethyl alcohol 
‘I), which has been prepared from benzylmagnesium bromide and bromomethyl ether 
(Hammunet, Compt. rend., root, 188, 814! or from sodium compound of §-phenylethyl 
alcohol and methyl iodide or ‘:-phenylethyl alcohol and methyl! iodide, in presence of 
moist silver oxide, the alcohol itself being obtainable with difficulty. 


Br “NcHs OCH, 
+CICH.—OCH, noe 
VW VY 
(1) I}j 


t- CH.—OCH, () 





It was therefore thought that the condensation might take place by Fitzig’s reaction 
(Annalen, 1864, 181, 303; 1869, 199, 334) which is generally used to build homologues 
of benzene ; for example, bromobenzene condenses with methy] bromide in presence of 
metallic sodium to form toluene and bromobenzene alone gives a 5% yield of diphenyl! 
(Fittig, dnnnlen, 1862, 121, 363 ; 1864, 182, 201 ; Ullmann, ibid., 1904, 302, 40’. Bette: 
results are, however, obtained with copper-bronze. 

Chloromethyl ether was substituted for methyl bromide when condensation took 
place in presence of molecular sodium to give the methyl ether of benzyl alcohol (IT). 
When, however, chlorobenzene was used in place of bromobenzene, the yield oi (II) 
Was poor. 

Again, bromobenzene was replaced by benzyl chloride in the above reaction and 
it was expected that the product would be the methyl ether of &-phenylethy] alcohol 
(I), which seemed to have been formed in traces as could be recognised from the charac- 
teristic ‘Keora’odour. But the bulk of the resulting liquid after distillation was found 
to contain several substances from which only dibenzyl, formed obviously by self 
condensation of benzyl chloride, could be obtained in the pure condition. Copper 
powder in place of sodium gave dibenzy! as the main product. 

Hence, it seems that Fittig’s reaction does not work in the production of ethers 
when halogen is in the side-chain and not directly liiked to nucleus. But in the con- 
densation with Grignard’s reagent (Hammonet, loc. cil.) there is no such limitation. 

In view of this, dibromobenzerre was condersed with chloromethy! ether in pre- 


- ane P. 
7—1777P- I 
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sence of sodium wire when only the p-bromobenzylmethy! ether (III, b.p. 235°) was 
obtained and the expected demethy! ether of xylene glycol (IV), not known as far, was 





not formed. 

Br CH,.OCH, CH,.OCH, 

(Ncicw,ocn, | “\cH,—CH,—O—CH,—CH,/ » 
© cm | | | | 
Br Br CH,.OCH; 


(iT) (IV) (V) 


The ether III) has no fragrance like the ethers of benzyl or phenylethyl alcohols. 
s-Tribromobenzene did not condense at all with chloromethyl ether in presence of 
sodiuin probably due to steric hindrance. 

With a view to ascertaining whether the length of the side-chain determines in any 
way the smell of the ether, a long side-chain ether was synthesised by condensing sodium 
phenylethyl alcoholate with phenylethyl iodide when di-8-phenylethyl ether (V) was 
obtained. It is a solid without any smell. 


EXPERIMENTAL 


Chloromethyi ether was prepared in an improved yield by passing gaseous hy- 
drochloric acid in a well cooled mixture of 33% formaldehyde and methy! alcohol (1: 
1.25 mols.) till saturation, when an oily layer of the ether separated, b.p. 57°-50° ‘cf. 
Henry, Ber, 1893, 26, 933). 

Methyl Ether of Benzyl Alcohol (I1).—To6 g. (2 atoms) of molecular sodium, pre- 
pared by meiting under xylene and shaking, covered with dry ether in a R.B flask 
a mixture of 10.5 g. of chloromethy] ether and 20 g. of bromobenzene in molecular propor- 
tion was gradually added from the top of a condenser. A vigorous reaction took place 
which was controlled by cooling. (n keeping overnight, the precipitated sodium halides 
were filtered and on removal of ether the residual liquid on fractionation gave the ether 
(II), b. p. 165°-170°, yield 4g. (Found: OMe, 25.6. C,H, 0 requires OMe, 25.4 per 
cent). 

Condensation of chloromethyl ether with benzyl chloride in molecular proportion was 
attempted in presence of sodium wire in benzene solutiou on a water-bath. Even after 
refluxing for 12 hours and keeping overnight appreciable unchanged sodium remained. 
On working the benzene solution most of the liquid distilled between 170° and 185° which, 
however, was not a single substance and the temperature rose to 260° when a liquid 
passed over which soon solidified. It crystallised from alcohol as long prisms, m.p. 52°. 
This was identified tu be dibenzyl. [Found: C, 92.1; H, 7.8. Calc. for (C,H;.CH2), : 
C, 92.3; H, 7.7 per cent]. 

p-Bromobenzylmethyl Ether ‘III}.—p-Dibromobenzene (18 g.), chloromethyl ether 
(12 g.) and sodium wire (7 g.) were made to react as in the above experiment and the 
resulting liquid on fractionation gave the ether (lil), b. p. 130-135°, yield 8g. (Found: 
C, 47-6; H, 4.9; Br, 38.9; OMe, 15.9. C,H,OBr requires C, 47.8; H, 4.5; Br, 39.8; 
OMe, 15.4 per cent). 
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APPLICATION OF FITTIG’S REACTION 


Tribromobenzene like dibromobenzene was treated with chloromethy] ether in 
molecular proportion in presence of sodium wire. No reaction took place and almost 


whole of it was recovered unchanged. 

Di-8-phenylethyl Ether (V).—Phenylethy! alcohol (10 g.) was refluxed for 5 hours 
with required quantity of molecular sodium in benzene. ‘To the resulting sodium deriva- 
tive phenylethyl iodide from 10g. alcohol was added and the mixture refluxed on a 
water-bath for 6:hours. Benzene layer was decanted and on removing the solvent the 
residual liquid .was distilled under reduced pressure, when a small quantity passed over 
at 78°-79°/4 mm., which was identified be 8-phenylethy! alcohol by the formation of 3:5- 
dinitrobenzoate, m.p. 106° and the distillation was stopped when the residue solidified 
on cooling. It was crystallised from petrol ether and benzene, m.p. 52°, yield 5. 
(Found : C, 84.0; H, 8.1. C,.H,,O requires C, 84.9 ; H, 8.1 per cent). 
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SOME THOUGHTS ON A POSSIBLE SYNTHETIC PETROL INDUSTRY IN INDIA* 
By J. N. Ray 


India’s requirements of aviation and motor spirit are nearly 20 million gallons per month, 
but the indigenous production is only 1.5 million gallons. Apart from this, India needs very 
large quantities of kerosene (66,000 tons per month), high speed diesel, heavy diesel gil, light 
diesel oil and furnace oil for her various industries. The indigenous production of these is 
practically negligible. We produce 4,000 tons only of kerosene per month, 1,400 tons of high 
speed diesel, 2,000 tons of light diesel oil and 80 tons of furnace oil in the country. Therefore, 
the question of establishing synthetic petrol industry is of utmost importance. 

At present, there are two types of synthesis possible :— 

(t) by the Fischer Tropsch process and 

(st) by the hydrogenation of tar. 

Which particular process is suitable for India would largely depend on the type of coal which 
would be available for the synthesis. It is clear that in order that the process may be an eco- 
nomical success, only inferior coal, which is available in abundance, can be used as a starting 
material. It was reported that bituminous coal of the Raniganj measures are available in 
abundance and it is therefore necessary to consider carefully the analysis and characteristics 
of this coal. For a preliminary investigation, three different coal samples were available. 
These samples were :— 

(a) Kajora coal from the area near Ondal 

(b) Disherghar coal 

(c) Lower Jambad seam coal. 


The coal analysed as follows. 
: TABLE I 


Proximate analysis. 


(a) Kajora. (b) Disherghar. 
4.8 3.2 


Moisture (%) fo ‘i 
Ash (%) he a. 20.0 18.0 
Fixed carbon (%,) - “e 46.0 45.8 
Volatile matter (%) te Pe 29.2 33.0 


Low temerature carbonisation. 


Carbonisation by Fischer test 
Tar (%) " 11.2 
Semi-coke (%) i - 714 
Aqueous liquor (%) ihe és 4.0 
Moisture (%) oe - 4.8 
Gas (%) <“ ‘i 8.6 


Calorific value. 
By conventional method 
Gross calorific value of raw coal (k.cal./kg.) .. 6.070 6.310 (— -+) 
Gross calorific value of coal, ash-free and 
mosture-free basis (k.cal./ kg.) + 8,090 8,000 (— +) 


*Presidential address for the 27th Annual General Meeting of the Indian Chemical Society, held at Bangalore 
on January 6, 1951, 
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Ash Fusing Point 


The ash fusing point of coals (a) and (b) were determined by the Bunte-Baum method. The 
ashes show up to 1,300°C, only sintering and fuse at temperatures higher than 1,300°C. 


From the above, it will seem that the ccal is a relatively young bituminous coal. The 
percentage of volatile matter is about 40-50% related to ash-free and moisture-free basis. The 
fuel index i.e., the proportion of fixed carbon and volatile matter amounts to 1.3 to1.6 and is 
therefore near the upper limit of bituminous coals. The lower Jambad Seam coal has a higher 
percentage of oxygen and fixed moisture and is therefore younger or oxidised by atmospheric 
influences. Contrary to accepted belief, we found Disherghar and Kajora coal to be caking. 
The caking power originates from the portion of bright coal. The coal contains varying 
portions of bright and dullcoal. To eliminate caking bright coal, separation of coal into these 
two constituents may be probably possible. A separation in the laboratory gave 35 to 40%, 
of bright coal and 65 to60% of dull coal. Cokes from Kajora’and Disherghar coal show that the 
vitrain-clarain substance is fused and swelled. Thus the bright coal which consists of vitrain 
and clarain seems to have perhaps sufficient caking properties for coking. Though L.JS. 
coal yields, if crushed to 8mm. size and separated by heavy medium separation, about 25% of 
bright coal and 75% of dull coal, it does not cake. The lower Jambad coal therefore is 
gasifiable. 


TABLE II 


Lower Jambad Seam Coal 
East Raniganj coal from field (S 682) 


(a) Chemical and petrographic analyses. 


' Total coal. Bright coal, Dall coal. 
Moisture(%) os - 5.0 4.1 5.4 
Ash (dry)(%) - - 18.6 6.1 22.4 
Volatile matter (dry) e a 34.4 37.1 33.9 


Ash-free and moisture-free coal : 


Volatile matter (%) ~~ wa 42.3 39.5 44.8 
Fixed carbon (%) ie <a 57.7 60.5 55.2 
Caking index “a - 0 0 0 
Density a se _ 1.333 1.437 
Vitrain (%) = i 31.1 . a 
Clarain (%) - $ 24.4 - 

Durain (%) os ye 3.0 — _ 
Semi-fusain (%) of - 6.2 -- _ 
Fusain (%) ea 5.4 _ 

Bituminous shale int ea 29.5 — _ 
Gangue (%) ie ee 0.4 _ Vi 


(b) Sink and float analyses. 


Density range. Portion. Ash. 
—1.28 3.6 15 % 
1,28—1.30 5.9 2.7 
1.30—1.35 10.4 6.3 
1,35—1.40 24.4 13.3 
1.40—1.45 11.7 16.8 
1.45—1.50 15.0 20.5 
1,50—1.60 -18,2 27.1 
1.60—1.90 10.2 36.9 


More than 1,90 0.6 69.9 
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(c) Analyses of coal preparation products 
(Heavy medium separation) 


Bright coal. Dull coal 
Ash (%) a i 6.8 22.2 
Carbon (%) uh i. % 75.7 79.1 
Hydrogen (%) oie <0 - 4.6 56 
Nitrogen (%) ee as ee 1.6 1.8 
Sulphur (%) oe ot iv 0.9 1.0 
Oxygen (% by diff.) oh at 17.2 12.5 
Gross calorific value (k. cal/kg. ) si — 7.730 
Net calorific value (,, ) .. -- 7.428 
Tar (%) - a 11.3 
(d) Heavy medium se; ion of coal 8.1 mm. size 
et Bright coal. Dull coal. 
Density éu 3 on Below 1.35 Above 1.35 
Percentage - wi on 23.7 76.3 
Ash (%) on os - 6.9 22.0 
Volatile matter, dry (%) ee 38.2 33.6 
Volatile matter, moisture- free and ash-free (% és 41.0 43.6 
Fixed carbon (%) ne =e 59.0 56.4 
Average density ee be ee 1.347 1.485 


Summarising the results of the coal analyses, it may be pointed out : 

The Raniganj measures hold a variety of different types of young bituminous coal with 
caking and non-caking character. Coal can be separated by suitable preparation into a more 
or less caking bright coal portion (containing vitrain and clarain) and a von-caking dull coal 
portion (consisting mainly of durain and bituminous shale). 

Caking coals e.g., Kajora and Disherghar coals have caking properties which may exclude 
direct utilisation for gasification and Spuelgas carbonisation. Should it prove impracticable 
to separate bright and dull coal by propermining, crushing to8 mm. size and subsequent heavy- 
medium separation may be successfully applied to these types of coal,thus toseparating them in 
bright coal, probably suitable for coking and non-coking dull coal for pressure gasification, as 
coal, small sized by preparation, makes gasification of Spuelgas carbonisation at atmospheric 
pressure difficult. The caking coals yield 35 to 40% of bright coal and 65 to 60% of dull coal. 

Non-caking coal as Lower Jambad Seam coal can be gasified without any special pre- 
paration other than crushing and screening to eliminate dust. 

The tar content of all types of Raniganj coal amounts to about eleven percent and as its 
recovery as by-product will be of fundamental importance for the total economy of the plant, 
immediate gasification of the coal combined with tar recovery will be the most useful process. 

Modern gasification technique has developed the complete gasification of solid fuels by 
means of oxygen. ‘There are five possible methods by which synthesis gas can be prepared :— 


(¢) Koppers coal dust gasification 
(it) Winkler coal gasification 
(sit) Water gas coke gasification 
(tv) Lurgi coal gasification 

(v) Reforming coke oven gas 


After careful consideration, I have come to the conclusion that in India we should employ 
a process which would be based on hydrogenation of low temperature tar simultaneously with 
a Fischer-Tropsch synthesis. Therefore, the most ideal plant for India would be composed of 
a low temperature coal carbonisation plant and a tar hydrogenation plant. 50% of the 
required hydrogen can be produced by coal dust gasification (or any of the other peocenees 
found to be economically suitable) and 50% by tail gas and propane splitting. 
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Assuming an yield of about 20% below 1/4"size after the coal i: crushed, we will require to 
handle 1.3 million tons of coal annually. The coal handling would include crushing to 3’ 
and screening in 1” to 3” and 1/4” to 1" sizes as feed for the low temperature carbonisation. 
The sizes below 1/4” can be used for coal dust gasification and partly for generation of power. 

The low temperature coal carbonisation plant would be required to produce 112,000 tons 
per year of tar and 700,000 tons per year of char. There is a market for the sale of 500,000 
tons of the 1” to 3” char as domestic coke. The balance of 200,000 tons of smalier size can be 
constumed in a power generating plant. 

The total required amount of hydrogen (98% purity) for hydrogenation would be 630,000 
SCF per hour. 50% of the hydrogen would be produced by dust gasification and 50% by 
splitting of the hydrogenation off-gases. Inthe Koppers dust gasification process, it has been 
stated that the composition of the gas will be :— 


Hydrogen oe 42% 
Carbon monoxide on 42% 
Carbon dioxide ~~ 14.7% 
H28 oe 0.1% 
Nitrogen oe 1.2% 


In the splitting plant, the hydrogenation off-gas can be split over the catalyst by means of 
steam at high temperature. The split gas will have an ultimate composition of :— 


Hydrogen oe 75.3% 
Carbon monoxide oe 11.6% 
Carbon dioxide an 11.6% 
Nitrogen ve 15% 


The admixture of the split gas with the gas from the dust gasification plant can be designed to 
give a gas of the following analysis :-— 


Hydrogen oe 57.6% 
Carbon monoxide es 27.7% 
Carbon dioxide oe 13.3% 
Nitrogen ee 1.3% 
H28 *e 0. 1 % 


The sulphurated hydrogen and other sulphur containing substances can be removed through 
iron oxide boxes. Carbon monoxide can be shifted to hydrogen and carbon dioxide by means 
of a two-stage shifting plant. ‘The carbon dioxide can be removed with monoethanolamine, 
giving hydrogen of 98% purity. This hydrogen will have to be pressed to a pressure of about 
£0,000 to 10,500 psig. ‘The process of conversion of tar to liquid fuels would follow the normal 
practice of hydrogenation by means of high pressure, temperature and catalyst. 

In the feed preparation of the liquid phase, the bottom product of the liquid phase dis- 
tillation can be mixed with the heavy oil let down product of the liquid phase. 

Besides the liquid products, a certain amount of gaseous hydrocarbons (C,-C,) is formed 
in the liquid and vapour phases and can be released by depressuring the products in two steps 
and so forming a lean and rich off-gas. The greater part of the lean gas will be treated in the 
splitting plant. The rest of the lean gas can be used as fuel. The rich gases can be separated 
into methane, ethane, propane, sobutane, m-butane, isopentane and m-pentane. isoPentane 
can be added to aviation petrol and m-pentane to motor petrol. m-Butane can be isomerised 
toisobutane. Propanecan be dehydrogenated to propylene. The propylene and isobutane 
can be reacted producing alkylate, which can go to the aviation petrol base. 

Synthesis gas having carbon monoxide to hydrogen ratio of I: 2 by a suitable shifting 
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reaetion can be reacted over an iron oxide-chromium oxide catalyst to give Fischer-Tropsch 
type of products. 

The synthesis gas compressed to 300 Ibs. sq. inch canbe reacted over fluidised catalyst. In 
this catalytic reaction, large quantities of heat are released which according to modern tech- 
can be utilised for the production of steam. 

In the fractionation of the hydrocarbons recovered from the recycle gas steam, the high 
boiling fractions can be recovered giving diesel oil and heavy residual oil. ‘This latter can be 
sold directly or can be used as charging stock for an oil refinery cracking still. 

The fluidised catalyst process has been in use on a very large scale in the U.S. for some 
years in the oil refinery industry. It has been tried out in a demonstration plant in California 
for Fischer-Tropsch synthesis. 

As to the process steps comprising gas purification, CO conversion, CO, scrubbing and the 
fractionation of refining of the crude oil, all these are long established well known processes. 

To summarise, my views are that we should attempt to produce aviation petrol and motor 
petrol in specific quantity relationship with diesel oil and fuel oil as co-product. A substantial 
quantity of low temperature char should also be produced for use as domestic fuel, so that the 
cost of production of synthetic fuel is minimised as far as possible. ‘The best process for meet- 
ing the above requirements would be a combination of low temperature carbonisation on 
Raniganj coal to produce char for domestic fuel and tar for processing to produce aviation 
petrol. The tar will be subjected to high pressure hydrogenation for production of aviation 
and motor fuel. The char which is not sold for domestic use can be completely gasified (in 
conjunction with a certain amount of pulverised cval) to produce gas. This gas can be pro- 
cessed in a Fischer-Tropsch synthesis unit to produce a crude oil which can be refined to motor 
petrol, diesel oil and fuel oil. 

The Lurgi process for low temperature carbonisation has been commercially used in 
Germany for many years. In this process, the evolved gases are continuously recycled to 
carbonise the raw coal which is charged in two separated sizes, namely, 1” to 3” and1/4” to 1”. 
The resultant char is screened and the 1” to 3” size is sold for domestic use. The minus 1” 
size can be used for direct production of synthesis gas and hydrogen. ‘Tar and light oil are 
separated from the carbonisation gas and these are hydrogenated in the liquid phase and 
subsequently vapour phase using hydrogen generated in the gasification phase, in the presence 
of a suitable catalyst. This treatment results in crude aviation petrol which is then refined 
by distillation and dehydrogenation. Asa by-product of value, about 1,800 tons of phenols 
can be recovered. 

For the production of 70,000 tons of aviation petrol and 22,000 tons per year of motor 
fuel, 15,000 KW per hour and 500,000 Ibs. of steam per hour would be needed to cater for 

electric power and process steam requirements, respectively. 

An approximates idea of the capital cost will be as follows. 


TABLE III 
‘ Coal preparation . Rs. crore Rs. crore 

Low temp. carbonisation (incuding tar & Distillation = — 0.55 ,, 

light oil) and phenol recov 0 - OS ws Rich gas recovery .. o CDe 
Coal dust gasification ° os 84 Propane dehydrogenation - OS, 
Oxygen plant ms Ce. « Isomerisation ie — 0.07 ,, 
Tail gas & propane splitting .. -- 0.50 ,, Alkylation - os CRs 
Sulphur removal és >» CB-. Tank Farm on - 0.70 ,, 
CO shifting oe i Ge « Power Station ‘ok nip 3.10 ,, 
COzscrubbing os) Gi * Refrigeration ‘ hie 0.15 ,, 
Raw gas & hydrogen compression os CH wo Cooling water system ‘e 0.14 ,, 
Hydrogenation ws -» 3.00 ,, General facilities .. oe «= DB 


Preparation of site .. 
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About 70% of the equipment can be procured from Europe and only about 30% will 
have to be procured from the U.S.A. and other hard currency areas. 

Taking the average price of run-of-mine coal to be Rs. 11/- per ton and the selling price 
of coke to be Rs. 22/- per ton and the price of 1800 tons of phenols at Rs. 1,500/- per ton, the 
cost of manufacture of aviation petrol comes to nearly Rs. 1/4/- a gallon, while that of the 
motor petrol is slightly over a Rupee per gallon. 

It would, therefore, seem that the production of synthetic petrol even under the present 
day conditions would not be an entizely uneconomical process. 
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COMPLEX DICYANObJisETHYLENEDIAMINE COBALTIC COMPOUNDS 


By PRIYADARANJAN RAY AND BYOMKES SARMA 


By the action of potassium cyanide on a solution of trans-dithicsulphatobisethylenediamine sodium 
cobaltiate (Ray and Maulik, this Journal, 1933, 10, 655) a univalent cationic new cyano complex, dicyanobisethy- 
lenediamine cobaltic thiosulphate was prepared in the form of beautiful silky yellow needles, difficultly soluble 
in water. Starting from this complex thiosulphate, the complex base and a number of its salts, namely halides, 
nitrate, sulphate, phosphate, selenate, chromate and molybdate, were obtained. The complex halides were found 
to form double salts with cupric and mercuric halides. The complex sulphate also gave double sulphates with 
the sulphates of cobalt, copper and nickel. Argenti-and cuprothiosulphates of the complex base were also prepared. 


Conduetivity, lowering of the freezing point in aqueous solution, magnetic susceptibility and molecular 
volumes for some of the complex salts were determined, and the nature of the complex cation discussed, 


The same product was obtained also from the cis-dithiosulphatodisethylenediamine sodium cobaltiate * 
hence, the dicyano complex appears to possess a trans-configuration, 


A new type of cyanocobaltic complex, dicyanobisethylenediamine cobaltic thiosulphate, 
was prepared by the action of potassium cyanide on a solution of the sodium salt of trans- 
dithiosulphatodisethylenediamine cobaltiate (Ray and Maulik, this Journal, 1933, 10, 655). 
The corresponding sulphate was prepared by oxidising a strong solution of the thiosulphate 
with silver oxide. From the sulphate, many other salts were obtained by double decomposi- 
tion with the corresponding barium salts. The hydroxide of the complex base, halides, nitrate, 
sulphate, biphosphate, selenate, chromate, molybdate, Reineckate, double halides of the 
complex base with cupric and mercuric halides, double sulphates with copper, cobalt and 
nickel sulphates, and complex thiosulphates with silver and copper (I) were prepared and their 
properties studied. Formation of the same yellow compound from both the cis- and trans- 
dithiosulphatodisethylenediamine cobaltiate suggests a /rans-configuration for the complex. 
Measurement of conductivity of its salts indicates that the complex gives rise to a univalent 
cation. Like all cobaltic complexes it is found to be diamagnetic. 


This new complex forms naturally a member of the family of substituted cyano cobaltic 
complexes described by Ray and co-workers (R4y, ibid., 1927, 4, 325 ; Z. anorg. Chem., 1932, 
208, 392; Ray and Chakrabarty, ibid., 1933, 211, 173; R4y and Gupta Chowdhury, ibid., 
1934, 220,154; Ray and Dutt, ibid., 1937, 234, 65), viz., thiosulphatopentacyano cobaltiate, 
p-sulphitodecacyanodicobaltiate, disulphitotetracyano-,diaquotetracyano- andaquopentacyano 
cobaltiate. But while all these compounds give rise to complex anions, the dicyanodisethyl- 
enediamine cobaltic complex, described in this paper, forms the first instance of a complex 
cyano-cobaltic cation. 


2Na[Co(S,0,),(en),]+4KCN = [Co(CN),(en),],8,0, +Na,8,0,+2K,8,0,, 
where ‘en’ stands for one molecule of ethylenediamine. 


The dicyanobisethylenediamine cobaltic complex gives rise to many double salts analogous 
to those formed by the alkali metals. 


In many of its physical properties like molecular conductivity, freezing point of aqueous 
solution, magnetic susceptibility, etc., it resembles the dichlorodiethylenediamine cobaltic 
chloride. The equivalent conductivity values at different dilutions, however, seem to suggest 
that the complex salt suffers slow hydrolysis in aqueous solution at about 30°. 
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ExPERIMENTAL 


Dicyanobisethylenediamine-cobaltic Thiosulphate.—Sodium dithiosulphatobisethylenedia- 
mine cobailtiate (1mol.,1.7g.) (Rayand Maulik, Joc. cit.) wastreated withtwo molecules (0.5 g.) 
of potassium cyanide with sufficient water on the water-bath. The violet solution turned 
red. The solution was evaporated toa very small volume, when a pasty solid was obtained. 
This was filtered on the Buchner, washed first with ice-cold water and then with alcohol. ‘The 
filtrate was diluted with water and was again evaporated on the water-bath. Another crop 
of the substance was obtained as before. The process of dilution and subsequent evaporation 
on the water-bath, was repeated several times to obtain as much of the substance as possible. 
Finally, all the crops were collected and crystallised from hot water. The substance was 
dried in.air. {Found : Co, 19.86; S, 10.76; N, 28.35; CN, 17.68; H,O (by Icss at 105°), 
2.98. [Co(CN),(en),], $,0,:H,O. requires Co, 19.94; S, 10.81; N, 28.38; CN, 17.57; 
H,O, 3.04 per cent}. , 


The substance forms beautiful, silky, long, yellow needles, sparingly soluble in water. It 


oO 
is insoluble in the organic solvents like acetone, alcohol, etc. Specific gravity ( d “a =1.459. 


‘The substance is very stable, and the complexion is not decomposed by alkalies or acids. 
Silver nitrate solution produces a greenish precipitate which readily turns black. ‘The subs- 
tance behaves like alkali thiosulphates and dissolves the precipitate first obtained with silver 
nitrate or copper sulphate solution. 


Equivalent conductivity at 30°. 


uv (litres.), .. 32 64 128 256 512 1024 
Ae + 77.18 92.39 99.84 104.2 113.1 121.2 
= 94.77 108.30 112.0 113.2 120.0 126.4 


Mean \« =112.45 
The \,, was calculated from Walden’s formula, 


Awe == (I+, X m, X 0.692 vb) 


where v is dilution in litres m, and », are the valences of the ions. 


Cryoscopic measurements. 


Substance (g./50 c.c.) Depression Mol, wt. Van’t Hoff’s coeff. Degree of dissociation 
(calculated anhydrous) (AT) (m) (i= M/m) mn =i ). 
0.3673 g. 0.053° 257.8 2.23 0.615 


Magnetic Susceptibility—The magnetic susceptibility of the substance was measured in 
a Gouy’s balance with a field strength of 10.16 x 10% gauss at 30°, 


Xe= -0.2966 X 10°; _ Xyg== -175.6 x 10~*, 
The substance lost all its water at 105° and there was no change in colour or composition 


even at 150°. {Found: Co, 20.67; S, 11.21. [Co(CN],(en),],.5,0, requires Co, 20.56; 
S, 11.15 per cent}. 
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When the red coloured cis-dithiosulphatodisethylenediamine sodium cobaltiate was 
treated with the calculated amount of potassium cyanide, as described above, the same yellow 
product was obtained, except that it was anhydrous. 


Dicyanobisethylenediamine-cobaltic sulphate was obtained by the oxidation of the 
complex thiosulphate solution with silver oxide. A strong solution of dicyanobisethylenedia- 
mine cobaltic thiosulphate was treated with an excess of freshly prepared silver oxide. After 
two or three days, the complex sulphate solution was separated from the unacted silver oxide 
and the resulting silver sulphide by filtration. The filtrate was just acidified with dilute 
sulphuric acid and concentrated by evaporation on the water-bath. On cooling, voluminous 
yellow needle-shaped crystals separated out. These were filtered and washed first with ice- 
cold water and then with absolute alcohol. The substance was purified by recrystallisation 
from hot water. The substance was dried in air. {Found : Co, 19.50; S. 5.24; H,O (by 
loss at 105°),8.75.[Co (CN), (en), ], SO,. 3 H,O requires Co, 19.28; S, 5.23; H,O, 8.82 per cent}. 


The substance form. deep yellow crystalline needles. It is sparingly soluble in cold water 
(2.51 g. in 97.49 g. of water at 30°). It gives double salts with sulphates of copper, nickel and 
cobalt ; but no alum-like product was obtained with aluminium or chromium sulphate. 


Specific gravity(d «4 ) =1.490. 


Dicyanobisethylenediamine-cobaltic Chloride.—Dicyanobisethylenediamine cobaltic sul- 
phate (2.8 g.) in aqueous solution was treated with a solution of barium chloride (1g.). The 





mixture was heated on the water-bath. The filtrate from barium sulphate contained just a 
little excess of the complex sulphate. On concentration on the water-bath, the complex 
sulphate crystallised out first, which was filtered off. On further concentration and subse- 
quent cooling, the dark yellow, large rectangular prisms of the chloride separated from the 
solution. These were filtered and washed first with ice-cold water and then with absolute 
alcohol. The product was purified by recrystallisation from hot water, and dried in air. 


{Found : Co, 22.17 ; Cl, 13.22. [Co(CN),(en),]Cl requires Co, 22.13; Cl, 13.32 per cent}. 


The substance is highly soluble in water (13%). It forms double chlorides with those of 


o 


. copper and mercury. Specific gravity (d - )=1.371. 


Equivalent conductivity at 30°. 


) v (litres) 8 16 32 64 128 256 512 1024 2048 


Ae es 81.47 91.66 97.74 106.6 114.5 117.3 125.1 134.1 139.0 
BAc.. 101.4 107.5 109.6 115.7 121.5 122.4 129.0 137.1 141.0 


Mean « xo 120.58 


(Therefore, the mobility of the complex cation= 120.58—81.0= 39.58 ; the mobility 
of Clat 30° =81). 


Cryoscopic measurements. 


Sub. (g./50 ¢.c.) Depression Mol. wt. found. Van’t Hoff’s Degree of dissociation 
(anhydrous) (AP) (m) coeff. (i= M/m). (e =!) 
0.4338 g. 0,103° 156,7 1,701 0,701 


2 
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The result shows that about 70.1% of the substance dissociates at the temperature of 


the melting point of ice. The complex cation is quite stable and is not decomposed by acids | 


or alkalies. 


Dicyanobisethylenediamine-cobaltic bromide was prepared like the complex chloride from 
a concentrated solution of the complex sulphate and the calculated amount of barium bromide 
by double decomposition. {Found : Co, 19.01; Br, 25.82. [Co(CN),(en),] Br requires Co, 
18.98 ; Br, 25.70 per cent}. Specific gravity (a33° )=1.556. 


Dicyanobisethylenediamine-cobaltic iodide was prepared from the complex sulphate and 
barium iodide as in the previous cases. {Found: Co, 16.41; I, 35.61. [Co(CN),(en),]I 
requires Co, 16.48 ; I, 35.47 percent}. Specific gravity (452°) =1.708, 


Dicyanobisethylenedtamine-cobaltic nitrate was prepared from the complex sulphate and 
barium nitrate. {Found : Co, 20.35; NO,, 21.15. [Co(CN),(en),] NO, requires, Co, 20.14; 
NO,, 21.15 per cent}. Specific gravity (a72° )=1.416. 


It forms deep yellow fine crystals, readily soluble in water. 


Dicyanobisethylenediamine-cobaltic dihydrogen phosphate was obtained from the complex 
sulphate and barium dihydrogen phosphate. {Found : Co, 17.02; P, 8.73; H,O (by loss at 


a 


105°), 5.11. [Co(CN),(en),] H,PO,. H,O requires Co, 17.05; P, 8.96; H,O, 5.20 perf 


cent}. 


Dicyanobisethylenediamine-cobaltic hydroxide was obtained by the action of baryta on an 


aqueous solution of the complex sulphate. The filtrate from BaSO, deposited fine deep yellow ff 


crystals on cooling. These were washed and dried asusual. {Found : Co, 23.80; OH, 


(by filration), 6.80. [Co(CN),(en),] OH requires Co, 23.79 ; OH, 6.85 per cent}. 
The substance forms a deep yellow micro-crystalline solid. It is extremely soluble in 
water. The solution of the substance reacts alkaline and liberates ammonia from ammonium 


salt solution. 


Dicyanobisethylenediamine-cobaltic Thtocyanate.—A concentrated solution of the dicyano- 


bisethylenediamine cobaltic sulphate was heated on the water-bath with a strong solution f 


(50%) of ammonium thiocyanate. A beautiful yellow crystalline product was obtained on 
cooling. The product was washed as usualand driedinair. {Found : Co, 20.26 ; CNS, 20.14. 
[Co(CN),(en),]CNS requires Co, 20.42 ; CNS, 20.07 per cent}. 


Dicyanobisethylenediamine-cobaltic Selenate-—A strong solution of dicyanobisethylene- 
diamine-cobaltic hydroxide was neutralised with selenic acid and then a little of the acid in 
excess was added. The mixture was filtered and evaporated to a small volume on the water- 
bath, On standing for a few days, beautiful deep yellow needles separated out of the solution, 
These were washed and dried as usual. {Found : Co, 17.79; Se, 12,13 ; H,O (by loss at 
105°), 7-97. [Co(CN),(en),], SeO,. 3H,O requires Co, 17.90; Se, 12.01; H,O, 8.19 per 
cent}. 
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Dicyanobisethylenediamine-cobaltic Chromate.—A concentrated solution of the dicyano- 
bisethylenediamine cobaltic sulphate was treated with an excess of potassium chromate 
solution. The mixture was heated on the water-bath, filtered and cooled. Beautiful yellow 
needle-shaped crystals separated on standing. These were washed and dried as usual. 
{Found : Co, 17.66; Cr, 7.72; H,O (by loss at 105°), 15.06. [Co(CN),(en),], CrO,.5H,O 
requires Co, 17.66; Cr, 7.79 H,O, 13.47 per cent}. 


Dicyanobisethylenediamine-cobaltic Molybdate——A concentrated solution of dicyanobis- 
ethylenediamine cobaltic sulphate was treated with an excess of sodium molybdate solution. 
The mixture was concentrated on the water-bath and filtered to remove the suspended matters. 
The filtrate on standing for a few days, deposited fine needle-shaped yellow crystals. These 
were washed and dried as usual. {Found: Co, 16.97 ; Mo, 13.75; H,O (by loss at 105°), 
10.28. [Co(CN),(en),], MoO,.4H,O requires, Co, 17.00 ; Mo, 13.83 ; H,O, 10.37 per cent}. 


Dicyanobisethylenediamine-cobaltic-tetrathiocyanatodiammino chromiate was prepared by 
mixing equimolecular solutions of dicyanobisethylenediamine-cobaltic salt and ammonium 
tetrathiocyanato-diammine chromiate. ‘The substance forms very sparingly soluble rose- 
coloured silky crystals. These were washed and dried as usual. {Found: Co, 10.34; Cr, 
9.23; N, 29.09; H,O (by loss at 105°), 3.11. [Co(CN),(en),] [Cr(SCN) , (NH,),].H,O 
requires Co, 10.41 ; Cr, 9.17; N, 29.63; H,O, 3.18 per cent}. 


Dicyanobisethylenediamine-cobaltic mercurichloride was obtained as heavy yellow needle- 
shaped crystals when a concentrated solution of dicyanodisethylenediamine cobaltic chloride 
was treated with a saturated solution of mercuric chloride. The product was washed and dried 
as before. {Found: Co, 11.05; Cl, 19.64; Hg, 37.43. [Co(CN),(en),] Cl.HgCl, requires 
Co, 10.97; Cl, 19.58; Hg, 37-29 per cent}. 


Dicyanobisethylenediamine-cobaltic cuprichloride was prepared by mixing a concentrated 
solution of dicyanodisethylenediamine cobaltic chloride with an excess of cupric chloride. 
The mixture was heated and filtered to separate the insoluble matters. The solution was then 
concentrated to a small volume on the water-bath and was kept at the room temperature for 
a long time, when very fine yellowish green crystals separated from the solution. The 
product was washed and dried as usual. {Found: Co, 8.29; Cl, 24.71; Cu, 17.78; H,O 
(by loss at 105°), 25.0. [Co(CN),(en),JCl.2CuCl,.10oH,O requires Co, 8.25; Cl, 24.79; 
Cu, 17.76; H,O, 25.17 per cent}. 


Dicyanobisethylenediamine-cobaltic mercuribromide was obtained by concentrating a 
solution of dicyanodisethylenediamine cobaltic bromide mixed with an excess of mercuric 
bromide. On cooling, heavy yellow rectangular crystals separated from the solution. ‘These 
were washed and dried as usual. {Found : Co, 8.45; Br, 34.38; Hg, 28.72 ;H,O (by loss 
at 105°), 3.86. [Co(CN),(en),]Br.HgBr,.1.5H,O requires Co, 8.45; Br, 34.35; Hg, 28.72: 
H,0, 3.87 per cent}. 


Dicyanobisethylenediamine-cobaltic Cupribromide.—Dicyanobisethylenediamine cobaltic 
bromide was treated with an excess of copper bromide solution. The yellowish green mixture 
became violet on concentration on the water-bath. The solution was cooled and allowed to 
stay for a few days, when dark violet-red crystals separated from the solution. The 
crystals were washed and dried as before. {Found : Co, 6.0; Cu, 13.13; Br, 40.95; H,O, 
21.97. [Co(CN),(en),)Br.CuBr,,12H,O requires Co, 6.06; Cu, 13.05; Br, 41.05; HO, 
22.19 per cent.} 
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Dicyanobisethylenediamine-cobaltic mercuritodide was prepared by adding pure mercuric 
iodide to a concentrated solution of dicyanobisethylenediamine cobaltic iodide ; the mixture 
was heated on the water-bath till a portion of mercuric iodide remained undissolved. ‘The 
-mixture was filtered from the excess of mercuric iodide. ‘The filtrate was cooled and left at the 
room.temperature for a few days, A beautiful brownish yellow fine microcrystalline product 
separated from the solution. This was washed and dried as in the previous cases. {Found : 
Co, 10.02 ; I, 43.61; Hg, 17.22. [Co(CN),(en),], HgI, requires Co, 10.08; I, 43.40; Hg, 
17.14 per cent}. 

Dicyanobisethylenediamine-cobaltic cuprisulphate crystallised out of a mixture of di- 
cyanobisethylenediamine-cobaltic sulphate and an excess of copper sulphate in concentrated 
aqueous solution after several days in the form of yellowish green needles in bunches. The 
¢rystals were washed and dried as usual. {Found: Co, 11.74; S, 9.50; Cu, 12.37; H,O 
(by loss at 105°), 14.37. [Co(CN),(en),], SO,.2CuSO,.H,O requires Co, 11.55; S, 9.40; Cu, 
12.45 ; H,O, 14.10 per cent}. 

The behaviour of the double salt will be described in detail in a subsequent paper dealing 
with the phase rule study of the system, complex sulphate—copper sulphate—water. 

Dicyanobisethylenediamine-cobaltic cobaltosulphate-——The concentrated solution of the 
dicyanodisethylenediamine’cobaltic sulphate was treated with an excess of cobalt sulphate 
solution. ‘The mixture was heated on the water-bath and filtered. The filtrate was left in 
air for crystallisation for a few days, when a brown coloured silky microcrystalline substance 
separated out of the solution. The product was washed and dried as usual. {Found : Co, 
22.59; S, 9.22; H,O (by loss at 105°), 17.0. [Co(CN),(en),],SO,.2CuSO,.10H,O 
requires Co, 22.52; S, 9.16; H,O, 17.28 per cent}. 

Dicyanobisethylenediamine-cobaltic nickelosulphate was obtained as a pea-green crystalline 
product from dicyanobisethylenediamine cobaltic sulphate and nickel sulphate as described in 
the case of the previous compounds. {Found : Co, 10.85; Ni, 10.69 ; S, 8.82; H,O (by loss 
at 105°), 20.04. [Co(CN),(en),], SO,.2NiSO,.12H,O requires Co, 10.90; Ni, 10.72; §, 
8.87 ; H,O, 19.95 per cent}. 

Dicyanobisethylenediamine-cobaltic argentithiosulphate-—When silver nitrate solution in 
the cold was added to that of an excess of dicyanobisethylenediamine cobaltic thiosulphate, 
the dirty yellow precipitate, formed at first, went into solution with the formationof argenti- 
thiosulphate of the complex. Addition of silver nitrate solution was stopped just before a per- 
manent precipitate appeared. This was filtered and the filtrate was kept in a coic place for a 
few days. A yellow, sparingly soluble solid separated out of the solution. This was washed 
and dried as usual, It gradually darkens on keeping for several days. {Found : Co, 15.03 ; 
Ag, 18.30; S, 13.42. 3[Co(CN),(en),)], S,0,.2 Ag,S,O, requires Co, 14.89; Ag, 18.15; 
S, 13.46 per cent}. 

Dicyanobisethylenediamine-cobaltic cuprothiosulphate was prepared like the previous 
compound by adding a solution of copper sulphate to an ice-cold concentrated solution of 
dicyanobisethylenediamine cobaltic thiosulphate. The yellow precipitate, first formed, 
dissolved with the formation of the complex cuprothiosulphate. After a few days, a yellow, 
sparingly soluble crystalline product separated from the solution. {Found : Co, 12.50; Cu, 
20.43; S, 17.23. 2[Co(CN),(en),], S,0,.3Cu,S,0, requires Co, 12.66; Cu, 20.46 ; S, 
17.16 per cent.} 


Inorganic CHEMISTRY LABORATORY, 
University Cottece or Screncg, Cavoutta, Received September 29, 1950, 
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it the ALKYLATION OF KETONES. PART II 
oduct 
und : R. R. AGARWAL AND S. S. DESHAPANDE 
Hg, 


Higher alkyl groups have been introduced in a ketone by the action of sodamide and the corresponding 
f di alkyl halide. n-Amyl derivatives of cyclohexanone, cyclopentanone and 3-methylcyclopentanone have been 
a synthesised. 


rated 
The In a previous paper on the subject (this Journal, 1949, 26, 483) it has been shown that a 
H,O convenient method for alkylation of a ketone consists in preparing 2-formyl ketone which 
Cu, with sodium ethylate and alkyl halide forms 2-formyl-2-alkyl ketone. On removing the formyl 
group from the latter by ketonic hydrolysis, 2-alkyl ketone results . 
aling In attempting to introduce higher alkyl groups by this method, however, we found that 
the reactions proceeded differently. For instance, with 2-formylcyclohexanone and n-amyl 
the bromide in presence of sodium ethylate, the main product of reaction was a neutral liquid 
hate having a composition corresponding to that of 2-formyl-2-n-amylcyclohexanone (I). The latter 
ft in on hydrolysis with aqueous potash did not, however, yield the expected 2-n-amylceyclohexan- 





ance one, but a liquid mixture of cyclohexanone and m-amy]l alcohol. The former was identified 
Co, from the melting points of its semicarbazone and of 2 : 4-dinitrophenylhydrazone which the 
H,O mixture yielded, and the latter from its boiling point, smell and formation of its characteristic 
green cystalline complex with anhydrous cupric chloride(Lloyd et al., ].Chem. Soc., 1928, 666). 

lline Although no other solid derivative of n-amyl] alcohol could be obtained from the mixture, an 
odin independently prepared mixture of cyclohexanone and n-amyl alcohol in almost equal 


loss proportion behaved exactly in boiling range and chemical properties like this product of 

- S, hydrolysis. The alkylation did not therefore produce the expected C-amyl derivative (I) but 
probably the O-amy] ether of hydroxymethylenecyclohexanone (II), an isomer of (I). 
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O-Alkylation of a formyl ketone has been recorded by Bishop, Claisen and Sinclair (Ann- 
ious alen, 1894, 281, 367) who obtained O-methyl] ether of hydroxymethylene camphor from methyl 
1 of iodide, sodium ethylate and hydroxymethylene camphor. The ether was hydrolysed by 
1ed, alcoholic potash to hydroxymethylene camphor (Joc. cit.). In the case of ether (II), the hydro- 
low, ‘lysis seems to have gone a step further with loss of formyl group, the ultimate products being 
Cu, cyclohexanone and n-amy] alcohol. . 

S, The method of introducing small alkyl groups in ketones through the intermediate formyl 
derivatives, which we have described in the previous paper, did not thus succeed with larger 
alkyl, like m-amyl group, in the case of cyclohexanone. Attempts to prepare n-amy] 
derivatives of cyclopentanone and 3-methylcyclopentanone by the same method, were 


similarly unsuccessful, 
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Although with a ketone and sodium, the main reactions are reduction and condensation 


(Agarwal and Deshapande, /oc, cit.), the use of sodamide in place of sodium precludes reduction, f 


allowing thereby the formation of sodium compound of the ketone to take place. Alkylation 
can then be effected through the sodium compound. Thus, with sodamide and methy] iodide, 
Haller (Compt. rend., 1913, 156, 1199) obtained polymethylcyclohexanones from cyclohexa- 
none. We have now successfully used this method and obtained n-amyl derivatives of 
cyclohexanone (III), cyclopentanone (IV), and 3-methylcyclopentanone (V) or (VI) from the 
respective ketones. 








| 3°*6 | 2 
\ \ HC-.— G0 
CH. C.H,, CH.C.H,, =| 
C.H,, 
(ILI) (IV) (V) 
a “p 
H.C CH, H.c- C\ 
; \ { . 
‘CH—C,H,, / C—CH,—CH=CH—CH,—CH, 
H,C———- CO” Rey y 
(VI) (VII) 


The alkylation products are true ketones as they give well characterised semicarbazones. 

The amy] derivative of the unsymmetrical 3-methylcyclopentanone formed by this process 
may be either 5-amyl (V) or 2-amyl (VI) derivative. If it is (VI), it should be identical with 
the product of reduction of jasmone—the odoriferous component of jasmine perfume—to 
which the structure (VII) is assigned (Ruzicka and Pfeiffer, Helv. Chim. Acta, 1933, 16, 
1208). ‘Tetrahydrojasmone (b.p. 101°/12 mm.) has been synthesised by Treff and Werner 
(Ber., 1933, 60B, 1521) and its structure (VI) is confirmed. The melting point of the semi- 
carbazone of the synthetic ketone has been recorded by them as 165°. ‘The /-form of this 
ketone is obtained by the catalytic reduction of tetrahydropyrethrolone (which was itself 
prepared by reduction of pyrethrolone of insect powder by Staudinger and Ruzicka, Helv. 
Chim. Acta, 1924, 7, 236). The J-ketone forms a semicarbazone melting at 194°. The ketone 
that we have prepared by direct amylationof optically inactive 3-methylcyclopentanone boils 
at 145°-148°/12 mm., while the racemic form of (VI) boils at 101°/12 mm. Further, the semi- 
carbazone of our optically inactive ketone melts at 190° ; and that of the racemic form of 
(VI) melts at 165°. Our ketone cannot therefore be (VI) and, therefore by inference, it is 
probably (V). (Fora similar case cf. Ruhemann and Levy, J. Chem. Soc., 1912, 101, 2552). 


EXPERIMENTAL 


O-Amyl Ether of Hydroxymethylenecyclohexanone.—To2-formylcyclohexanone (b.p. 110°/12 
mm., 12.6 g.) was added an alcoholic solution ofsodium ethylate, prepared from sodium (2.3 g.) 
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and absolute alcohol (70 g.). A gelatinous orange colored sodium compound separated. ‘To 
this, well cooled in ice, was added n-amyl bromide (b.p. 129°, 15.1g.), themixture was allowed 
to remain at room temperature for two days with occasional shaking, and finally refluxed on a 
water-bath for 4 hours when it becameneutral. After evaporating the alcohol,the product was 
poured into water, made slightly acid and the oily layer separating was extracted with ether. 
After washing, drying and removing the solvent, the residual liquid was fractionated when 
the main fraction (8 g., b.p. go’—-100° /120 mm.) was obtained as a colorless, mobile, neutral] 
liquid with a characteristic smell. As the product was to be used as an intermediate for the 
next experiment of hydrolysis, it was not further purified. (Found: C,71.6; H, 10.3. 
C,,H,,O, requires C, 73.4; H, 10.2 percent). It forms a semicarbazone, m.p. 162°. 


Hydrolysis.—The product (7g.) was hydrolysed by refluxing with 10% aqueous potash 
for 8 hours. On extracting the oily layer with ether, washing, drying and removing the 
solvent, a liquid was left which was fractionated at atmospheric pressure, when the main 
fraction (4.5 g.) was collected between 140° and 144° and about Ig. passed above 146°. From 
its low boiling point it could be seen that the main fraction cannot contain n-amylcyclohexa- 
none. It yielded a semicarbazone, m.p. 166° and a 2: 4-dinitrophenylhydrazone, m.p. 160° 
(cyclohexanone, b.p. 155° ; semicarbazone, m.p. 166° ; 2 : 4-dinitrophenylhydrazone, m.p. 
160°). Anhydrous cupric chloride left in contact with the fraction gave a green crystalline 
copper salt comparable with that prepared from m-amy] alcohol (b.p. 138°). 


2-Formylcyclopentanone and 3-methyl-2-formyl (or 5-formyl) cyclopentanone, which 
could not be used successfully for the purpose of higher alkylation, have been described by 
Wallach and Steindorff (Annalen, 1903, 329, 114, 116). These compounds have again been 
prepared and characterised as follows. 


2-Formylcyclopentanone : Pale yellow needles, m.p. 76° (W. &S., m.p. 73°) (Found : 
C, 64.0; H, 7.6. CsH,O, requires C, 64.3; H, 7.1 per cent). Semicarbazone, m.p. 185°. 
Its green chelate copper compound crystallises from chloroform-petroleum ether mixture 


and meltsat 172°. (Found: Cu, 21.8. C,,H,,O,Cu requires Cu, 22.2 per cent), 


3-Methyl-2-formyl (or 5-formyl) cyclopentanone : Pale yellow needles, m.p. 58° (W. & S., 
m.p. 54°; Ruhemann & Levy, Joc. cit., m.p. 58°). (Found: C, 66.4; H, 8.2. C,H,,0, 
requires C, 66.6; H, 7.9 per cent). Semicarbazone, m.p. 194°. Green chelate copper salt, 
m.p. 183°. (Found: Cu, 19.8. C,,H,gO,Cu requires Cu, 20.2 per cent), 


2-n-Amylcyclohexanone.—Sodamide (6.0 g., coarse grannules, B.D.H.) was added in 
instalments to cyclohexanone (16.5 g.) diluted with dry ether-benzene mixture. The mixture 
was heated on a water-bath under dry conditions till ammonia ceased to be evolved (6 hours). 
n-Amyl bromide (23 g.) was then added and heating continued until the mixture showed 
slight alkalinity (8 hours). A further instalment of m-amyl bromide (5 g.) was added and 
heating continued for another 3 hours, when the reaction was neutral. The product was 


poured into water, the ether-benzene layer which separated was washed and dried, and after 


removal of the solvent, the residual liquid was distilled at atmospheric pressure till the tem- 
perature rose to 160°, when the unchanged cyclohexanone and n-amyl bromide distilled off. 
The residue was then fractionated under reduced pressure. The main fraction (5.5 g.) was 
collected at 128°-130°/12 mm. It isa colorless, neutral liquid with fragrant smell. (Found : 
C, 78.2; H, 11.4. C,,H,,O requires C, 78.57; H, 11.9 per centcycloHexanone requires C, 
73.5; H, 10.2 per cent). The semicarbazone crystallises from dilute alcohol and melts at 
178°, 
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2-n-Amylcyclopentanone was prepared as in the above manner. cycloPentanone 
(16.8 g.), sodamide (7.8 g.) and n-amyl bromide (30 g.) yielded 2-n-amylcyclopentanone (7.8 g.) 
as a colorless, mobile liquid, b.p. 138°-140°/12 mm. (Found: C,77.9; H, 11.0. C,,.H,,0 
requires C, 77.9; H, 11.69 per cent). Its semicarbazone melts at 175°. (Found: N, 109.6. 
C, ,H,,ON, requires N, 19.9 per cent). 

3-Methyl-5-n-amylcyclopentanone was similarly prepared as in the above manner. 


3-Methylcyclopentanone (10g., b.p. 143°), sodamide (4g.) and m-amyl bromide (15.2 g.) yielded é 
the product (5 g.) as a colorless liquid (b.p. 146°-148°/12 mm.) with almost no odour. (Found : | 


C, 78.2; H, 11.1. C,,H,,O requires C, 78.57; H, 11.9 per cent). Its semicarbazone melts 
at 190° with decomposition. (Found: N, 19.1. C,,H,,ON, requires N, 18.7 per cent). 


CHEMICAL LABORATORIES, 
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19.6. § NASCENT HYDROGEN. PART L. REDUCTION OF POTASSIUM PERMANGANATE 
BY NASCENT HYDROGEN FROM SULPHURIC ACID AND METALS: 


nner. ZINC AND CADMIUM 
eIded 

and : By B. S. SRIKANTAN 
nelts 


The greater activity of nascent hydrogen from Zn and H280, than Cd and H2S80, in the reduction of 
KMn0, is due to the effective concentration of hydrogen atoms being greater. 


The study of the nascent state of hydrogen is an old one and a number of interesting 
experiments have been devised to demonstrate the reducing powers of nascent hydrogen over 
molecular hydrogen. No less than six theories have been put forward from time to time. A 
few of them merit consideration. 


1950. fi A. Laurent, and P. A. Favre and J. T. Silberman in 1846 suggested that hydrogen absorbed 
on palladium was more active since it was in the atomic condition. Tommasi, (Ber. 1898, 31, 
345, 1878 ; Chem. News, 1879, 40, 245; J. phys. chem., 1897, 1, 555) has emphasised the fact 
that this explanation does not make it clear why nascent hydrogen from zinc and hydrochloric 
acid is able to reduce chlorates and bromates to their respective chlorides and bromides—while 
hydrogen from sodium amalgam willnot doso. M. Berthelot considers that the liberation of 
hydrogen is a secondary reaction while the main reaction is the formation of a complex with 
the substance to be reduced. He calls these complexes by les systems reducteurs. In case of 
reduction of potassium chlorates zinc and sulphuric acid the system—Zn-H,SO,-KCIO, 
changes into the system ZnSO,-H,-KCl-H,O. However in cases like 


Zn+2 FeCl,—>2 FeCl,+-ZnCl, 


| no hydrogen is evolved. Tommasi (loc. cit.) argues that the reducing properties of 
nascent hydrogen depend on the nature of the reaction from which it is derived and that tne 
| greater activity of hydrogen in Statu nascendi arises from the momentary association 
of hydrogen with n calories of energy liberated by the reaction. According to him the term 
nascent hydrogen therefore is synonymous with ee 2 calories. The difference in reducing 
properties of hydrogen produced by different reactions is determined by the amount of heat 


liberated in the reaction. 


H,SO,+Cd —+ 21.5 Cal. 
H,SO,+Zn —+> 37.7 Cal. 
H,SO,+Mg —> 112 Cal. 


From this it appears that the activity of nascent hydrogen with Cd, Zn and Mg and 
sulphuric acid should stand in the ratio of 1 : 1.7 : 5.0. 


However, Tommasi (loc. cit.) has not been able to hold this view in all cases and assumes 
in some cases M+n calories where M is the metal. Studies on overvoltage phenomena bya 
number of workers (Tafel and Newmann, Z. physikal. Chem., 1905, 50, 713; Bohninger, Z. 
Electrochem., 1906, 12, 745 ; Haber, ibid., 1902, 8, 539 ; Lewis and Jackson, Proc. Amer. Acad., 
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1906, 4, 398; Reichinstein, Z, Electrochem., 1910, 16, 927) have revealed that at thecathode thie 
following reactions occur ; 


2H —> 2H Fast «-- oe (1) 
2H —-—» H,Slow --- see (2) 


The lowering of overvoltage by impurities is to increase the rate of the second reaction and 
thus decreasing the concentration of hydregen atoms at any time. Hence J. W. Mellor 
(‘Comprehensive Treatiseon Inorganicand Theoretical Chemistry’’, Vol. I, p. 334, Longmans, 
1920) concludes that ‘the so-called nascent hydrogen is assumed to consist of electrically 
neutral atoms (mono) of hydrogen and the difference in the nascent hydrogen derived from 
different sources is due to the effective concentration of mono-atomic hydrogen whichin turn 
is determined by the rate of conversion of the mono-atomic into ordinary hydrogen’’, 


There has been no quantitative studies on the kinetics of the reduction by nascent hydro- 
gen to prove if the difference in activity of nascent hydrogen from different sources is due to 
the difference in heat of reaction or difference in concentration of mono-atomic hydrogen. It 
is proposed in this investigation to study the kinetics of the reduction of potassium permanga- 
nate by nascent hydrogen liberated by the action of zinc and cadmium on sulphuric acid, to 
throw some light on the problem, 


ExPERIMENTAL 


The reaction vessel consists of 250¢.c. gas cylinder held in an electrically heated thermostat 
maintained at 30° (-to.1°), The metals were obtained in the form of rods of 1/8” thick. 
Zinc rod was pure quality E. Merck. It was difficult to obtain pure cadmium. Various 
samples were tried and fimally a pure sample (Merck) having sp. gt. 8.65 was taken. Pure 
material has a sp. gr. of 8.64. The metal rod was fixed to the axis of the stirring motor so 
that it was both reacting and at the same time stirring the permanganate solution. By a 
series of trials, it was found workable to use 50 ml. of 0.8859N/4 permanganate solution made 
up to 250 ml. with 4N-H,SO,. The stirrer was held in the reaction vessel and the motor 
switched on. The solution was poured quickly into the vessel so that always the same length 
of rod 44” was immersed in the solution, The time was noted and at intervals of each 60 
seconds 2 ml. of the solution were pipettedout quicklyand kept in a test-tube, thus insolating 
thesolution after reaction. It was noticed in allcases that brisk evolution of hydrogen gas took 
place only after the completion of the reduction of permanganate. The solutions insolated 
at ihe end of each 60 sec, were found to slowly precipitate a brown hydrated manganese 
dioxide. The solutions were centrifuged and the clear solution above the precipitate was 
decanted into the fixed cell of a Heillege colour comparator and the original unreacted solution 
taken in the Wedge cell of the apparatus. At various intervals of the reaction, the concentra- 
tion of the unreacted permanganate soltition was read off as scale reading in the comparator 
after matching theintensity. The velocity coefficients were calculated betweeneach interval. 
The restilts are reproducible and the table contains representative data, 
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TABLE I 








Zine Cadmium 
—— a ——ae = a 2 oe ‘ 
Time. Seale readings. Velocity ovefficient (k). Scale readings. Velocity coeffizcient (é). 
0 secs. 13.50 _ 13.5 _ 
60 8.10 0.00833 _ 6 
120 4.45 0.00840 8.3 0.00398 
180 2.45 0.00835 6.0 0.00428 
240 0.40 0.00800 5.0 0.00383 
300 _ — 3.4 0.00394 
360 _— —_ 2.1 0,00406 
420 _ _— 0.8 0.00404 
Average 0.00827 0.00402 


From the results described in the above table the nascent hydrogen from zinc is twice as 
active as that from cadmium. On plotting the scale readings against time, it could be read 
off from the graph (not shown here) that time for half reaction with cadmium is 81 sec. and 
with zine is 162 sec. This shows that the effective concentration of nascent hydrogen (if it 
be mono-atomic) is twice in the Zn-++-H,SO, than in that of Cd+-H,SO,. In the same time 
under identical conditions zinc displaces twice the number of atoms of hydrogen as cadmium 
from H,SO,. The reaction then has to be represented : 


Cd+H,SO, ——+ CdSO,+H, 
2Zn-+2H,SO, ——» 2ZnSO,+2H, 


DaPaptMgn? or Oneasic CHEMISTRY, 
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By RANBIR KIsHORE AND Kuny BEHARI LAL, MATHUR j 


Carbon tetrabromide, unlike the tetrachloride, forms with phenol in aqueous alkaline solution substantial 
amount of aurin. In the other reactions also it shows greater reactivity. 


Reactions of carbon tetrachloride with phenols are well known. One is illustrated by ( 
the classical method of Reimer and Tiemann (Ber., 1876, 9, 1285; 1877, 10; 2185) of ; 
preparing phenolic acids. Zeltner and Landau (D.R.P., 25887) introduced the use | |! 
of copper in this reaction and as its result claimed to obtain excellent yields of the phenolic | 
acids, 55% with phenol, 85% with o-cresol and within these limits in other cases. Their pro- 
cedure was to boil for 8 hours the tetrachloride and the phenol in molecular proportions toge- 
ther with 6 molecules of caustic potash in 40% solution and 0.3 parts of copper. Later, Bains 
and Driver (J. Chem. Soc., 1923, 123; 1214) passed vapours of the tetrachloride over heated atta 
potassium phenate at 175° in the hope of finding the intermediates in the Reimer and Tiemann’s 
synthesis, but instead they obtained aurin in 75% yield. There was no reaction at lower 
temperatures and no improvement in the yield of aurin with excess of alkali. With o-cresol 
the product was 3:3’:3°-trimethylaurin. 

Regulating the conditions of temperature and the amount of anhydrous zinc chloride, 
Gomberg and Snow working with carbon tetrachloride and phenol (J. Amer. Chem. Soc., 1925, for : 
47, 198) obtained principally diphenyl carbonate, pp’- and op’- dihydroxybenzophenone and copy 


For 
the « 


aurin. In the preparation of aurin, however, p-hydroxyphenylfluorone, the op’p” analogue 11.5 
of aurin, leuco-aurin, p-hydroxyphenylxanthane also resulted. The latter, except leuco- 
aurin, had in their molecules the tetrabromide carbon atom fixed in op’- or 00’- position with KO) 
respect to the phenol nucleus and constituted in all about one fourth the amount of aurin. | (2.3: 
In the light of the above investigations, it was felt of interest to ascertain how carbon copy 
tetrabromide would react with phenol in aqueous alkaline solutions, with potassium phenate [f to d 
and with phenol in the presence of anhydrous zinc chloride. The results of such a study are f deve 
recorded in the present investigation. mixt 
When carbon tetrabromide, phenol and caustic potash (1 : 1 : 6) are boiled in aqueous pher 
solution in the presence of copper, as in the case of the tetrachloride (Zeltner and Landau, alka 
loc. cit.), the reaction to give p-hydroxybenzoic acid and salicylic acid goes to a smaller extent brov 
(31%) compared to the formation of a dye shown to be aurin (46%). In the mixture of the 
phenolic acids, the p-isomer is the main constituent (80%). The reaction mixture contains disse 


the dye even from an early stage of heating. The yield of the acids can be made to rise (68%) yell 
if the heating at first be gentle, though some aurin (25%) is still obtained. Results are more prod 





or less similar in the absence of copper. Also, o-cresol, even under gentle heating, gives phe- (cf. 
nolic acids only to asmall extent (29°), composed almost entirely of the p-isomer, 4-hydroxy- almc 
m-toluic acid, the product again being a dye of the aurin type (62%). With p-substituted with 
phenols, the yield of the acids is still lower and the reaction mixture contains neutral matter. prec 
Dry heating of carbon tetrabromide with potassium phenate gives aurin under conditions aurit 


milder (110°) than those employed (175°) in the case of the tetrachloride. In the experiments deriy 
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where the tetrabromide is treated with phenol and zinc chloride substantial amount of aurin 
is obtained under mild conditions. In the preparation of aurin with CBr,, the byproducts 
(op’ and 00’ derivatives, vide supra) reach almost equal in proportion with aurin. 







































E As one experiment shows, CCI, itself does not give with phenol even a trace of aurin in 
aqueous alkaline solution. ‘The behaviour of the tetrabromide under such conditions may then 
be summed up, taking note also of a simultaneous hydrolytic decomposition, as follows :-— 

, ‘OK 
a (t) CBr,+C,H,OK-+5KOH=C,H,< +4KBr+3H,O 
la ~ 
COOK 

| by (##) CBr,+-3C,H,OK-+-3KOH—+ [KOC,H,],—C=C,H,=O-+3H,0+4KBr 

of 

L (iii) CBr,+6KOH =4KBr-+-K,CO,+3H,O 

olic 

pro- For the reaction (¢) to occur favourably, it is desirable to keep the temperature below 100° in 

ge- the early stages. Ordinarily the reaction (i) will be favoured as compared to (¢) and (7##). 

ains From the above results carbon tetrabromide appears to be more reactive and further,can 


ited attack the phenol nucleus with greater avidity than is the case with the tetrachloride. 


wer 
eso] EXPERIMENTAL 

ide, Preliminary experiments showed that carbon tetrabromide (3.32 g., 0.01M) when boiled 
25, for 5 to 6 hours with 40% caustic potash (0.06 M, 3.36 g. in 8.6 g.H,O) in the presence of 
and copper-bronze (0.05 g,) suffered a decomposition of 32.5%. In the absence of copper it was 
gue 11.5%. 

“co- Boiling of Carbon Tetrabromide with Phenol in the presence of Copper-bronze and Aqueous 


ith KOH (6 mol. proportion.)\—A mixture carbon tetrabromide (8.52 g., ca. 0.025M), phenol 

(2.35g-,!0.025 M), and a 40% solution of caustic potash (9.85 g. in 14.7 c.c. H,O; ca.0,15M), 
bon =f copper-bronze (0.075 g.) and alcohol (2-3c.c.) to dissolve the carbon tetrabromide tending 
ate to deposit itself inside the condenser tubing was refluxed for 8hours. The liquor in the flask 


are — developeda deep magenta colour within 10 minutes of heating. After 8 hours, the reaction 
mixture was just neutralised with 2N acetic acid and then steam distilled to remove unreacted 
bus phenol and carbon tetrabromide. The solid left behind in the mixture was extracted with 
au, alkali. The filtered magenta coloured extract upon neutralisation with acetic acid yielded a 
ent brown-red precipitate (A; 1g.) and a filtrate (B). 
the The powder (A) was dried at 120° when it showed a metallic lustre. The dried sample 
ins dissolved in alkali with a deep magenta colour, and in alcohol and glacial acetic acid with a 
7) yellowish red colour. After reduction with zinc dust and acetic acid, aq. alkali failed to 
ore produce any colour. It was restored by addition of fresh alkaline potassium ferricyanide 
he- (cf. Dale and Schorlemmer, Amnalen, 1873, 166, 286). Moreover, the dried powder was 
cy- almost (90%) ether-insoluble, m.p. 260° (decomp.). It could be extracted almost entirely 
with 1.5% ammonium hydroxide solution from which with acetic acid was obtained by re- 
T. precipitation a more pure sample, m.p. 300° (decomp.). ‘These properties agree with those of 





ns aurin. This was confirmed by the conversion of the dried product (A) into the triacetyl 
derivative of aurin, m.p. 170°, by the method of Gomberg and Snow (loc. cit.). 
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The filtrate (B) was saturated with sulphur dioxide, and the residual liquour extracted 
with ether. The ether extract yielded a mixture of phenolic acids (1.04g., 33%). In it, 80% 
mass was chloroform-insoluble and comprised p-hydroxybenzoic acid, m.p. and mixed m.p., 
204° ; ethyl ester (vide Hewitt and Winnill, J. Chem. Soc., 1907, 91, 446), m.p. 112°. The 
chloroform-soluble fraction contained salicylic acid, giving violet colour with ferric chloride. 

When this experiment was repeated with carbon tetrachloride no trace of aurin could be 
isolated. Phenolic acids (1.5 g.), however, were formed as was to be expected. 


With the tetrabromide, again, in the absence of copper 66% aurin and allied products | 


and 21% phenolic acids had resulted. Aurin was formed in poor yield if the tetrabromide, 
phenol and caustic potash were taken in the ratio I: I: 3 or 1: 3:3, using copper. Also, 
when the proportions were kept 1:1:6as usual, but heated at 70° for 3 hours and at 
100° for 5 hours, formation of aurin went down to 34% and of acids rose to 67%. 

Boiling of Carbon Tetrabromide with o-Cresol in presence of Copper and of KOH (6 mol. 
proportion).—The experiment was carried out with o-cresol (2.7g., 0.025 M) asin the case of 
phenol, but the heating was done at 70°for 3 hours and at 100° for 5 hours. A dye of the aurin 
type (1.7g., 62%), probably 3 : 3: 3’-aurin and phenolic acids (1g., 29%) resulted. In the 
latter, the CHCl,-insoluble fraction was 4-hydroxy-m-toluic acid (0.95g., 27%), m.p. (purified) 
170-72°; ethyl ester, m.p. 98° (vide Auwers, Ber., 1906, 89, 3174). The CHCl,-soluble 
portion gave violet colour with ferric chloride solution, presumably due to the 6-hydroxy-m- 
toluic acid (0.05g., 2%). Reaction with p-cresol, #-bromophenol gave very poor yield of 
phenolic acids (10-14%), the bulk of the matter obtained was of a neutral character. 

Reaction of Carbon Tetrabromide with Potassium Phenate.—The tetrabromide (3.32 g., 
0.01M) was heated with potassium phenate (3.96 g., 0.03M) in the presence of copper-bronze 
(0.075 g.) in a loosely corked boiling tube first at 110° when the reaction started with a great 
violence giving a deep fuchsine colour to the reaction mixture. Afterwards it was heated at 
120°-140° for 6 hours. The isolation of the dye was effected with the faintly alkaline residue 
by precipitation with 2N acetic acid and removing excess of CBr, and phenol by steam dis- 
tillation, yield 1.48 g. (52%). Also under the above conditions of experiment if more 
caustic potash (1.70 g.) was added, the yield of aurin remained much the same. The change 
was somewhat less in the absence of copper. 


Reactions of Carbon Tetrabromide with Phenol in the presence of Anhydrous Zinc Chloride.— 
Phenol (33 g., 0.35 M), fused and powdered zinc chloride (5 g.) andcarbontetrabromide (33.2g., 


0.1M), all intimately mixed, were heated at 135° till the vapours of HBr ceased to come (ca. 
20 hrs.) ‘The red-brown viscous product was steam distilled to remove excess of phenol, the 
whole mass was then poured into water (200 c.c.) containing hydrochloric acid (6 c.c.). The 
mixture was filtered and the residue washed with water. It was repeatedly digested at 70°- 
80° with 1.5% ammonia. The ammonia-insoluble matter left behind represented the opp’+ 
carbinol or its fuchsine and allied products (amount 6.8g.) The combined ammonia extracts 
were acidified with dilute acetic acid (1:4). The weight of the crude dye precipitated was gg, 

The crude dye was kept over ether (50 c.c.) overnight. The ether extract gave a residue, 
representing the mixture of £p’- and op’- dihydroxybenzophenones (2g., 6%). 

The ether-insoluble product was aurin, m.p. 290-300° (decomp.) (7.1g., 21%). Triacetate, 
m.p. 172-73”. 

In a separate experiment, whenless catalyst and milder heating were employed (cf. 
Gomberg and Snow, loc. cit.,p. 201) no diphenyl carbonate was found to be present. Instead, 
mixtures of ketones (23-56% ) and aurin only resulted. 


CuemisTRY DBPARTMENT, 
University oF Detut, DELHI. Received April 28, 1950. 
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STUDIES IN CHALKONES : CHALKONES DERIVED FROM QUINACETOPHENONE 
MONO AND DIMETHYL ETHERS 


By G. N. VyAs AND N. M. SHAH 


The work described in this paper relates to the chalkone formation from quinacetophenone monomethy! 
ether by its condensation with different aldehydes, the corresponding chalkones having been isolated for the 
first time along with the flavanones. Quinacetophenone dimethyl ether has been also condensed with various 
aldehydes and the chalkones have been obtained in good yields, 


Kostanecki and his co-workers (Ber., 1904, 37, 773, 960, 2349; 1899, 32, 332, 1929; 
1900, 33, 1480, 2509) condensed quinacetophenone monomethyl and monoethyl ethers with 
various methoxy- and ethoxy-aldehydes in presence of alkali and reported the exclusive form- 
ation of flavanones instead of the expected chalkones. A search of literature shows that 
hardly any work has been done on the chalkone formation from quinacetophenone mono- 
methyl or monoethyl ether and it has been taken for granted that quinacetophenone mono- 
methylether always condenses with aldehydes in presence of alkali giving directly the flavan- 
ones. This behaviour of monomethy] ether of quinacetophenone is in direct contrast to that 
of isomeric resacetophenone monomethyl ether (paenol) which condenses with aldehydes in 
presence of alkali giving easily the corresponding chalkones (Kostanecki and co-workers, 
Ber., 1898, 31, 698 ; 1900, 33, 332; 1904, 37, 1180, 4156; Jadhav and Vandrewala, Proc. 
Ind, Acad, Sct., 1948, 28A, 127). 


In connection with our work on chalkones derived from quinacetophenone (Vyas and 
Shah, this Journal, 1949, 26, 273) we thought of investigating the chalkone fornration from 
monomethyl ether of quinacetophenone, and undertook a study of its condensation with 
various aldehydes with a view tc exploring the possibility of synthesising chalkones as they 
are hitherto unknown. ‘The results obtained are presented in this communication. 


We repeated the experiments according to the conditions used by Kostanecki and found 
that the flavanones were formed to a large extent. However, the crude flavanones obtained 
had to be crystallised several times before they could be obtained in pure state. The filtrates 
were highly coloured, indicating the presence of chalkones. It is evident that the chalkone 
formed undergoes immediate cyclisation under the conditions used. Kostanecki et al. have 
neither examined the coloured filtrates nor the mother-liquors after crystallisation of the 
flavanones, 


We have now succeeded in obtaining the chalkones from the condensation of monomethy] 
ether of quinacetophenone with anisaldehyde, veratraldehyde and o-methoxybenzaldehyde. 
To prevent the above cyclisation, we have carried out the above condensation in presence of 
cold alkali at room temperature (cf. Kostanecki, loc, cit.). The crude product obtained gave 
the characteristic reactions of a chalkone. The problem of its isolation presented certain 
difficulties. Several trial experiments were carried out. The crude mixture of chalkone and 
flavanone was extracted with dilute sodium hydroxide, in which only the chalkone was soluble. 
It was then precipitated by acidification, care being taken to prevent the rise of temperature. 


The yield of the chalkone, however, was poor in comparison with the amount of the flavanone 
7 
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obtained. With a view to improving the yield of the chalkones, the condensation was inves- 
tigated using different concentrations of alkali (20%, 40% and 80%) and it was observed that 
higher concentrations favoured the yield of the flavanones. The chalkones obtained are 
distinguished from the corresponding flavanones by the following reactions :— 


(*) They are easily soluble in dilute sodium hydroxide solution. 
(i¢) They dissolve in concentrated sulphuric acid with blood-red coloration. 
(tit) With alcoholic ferric chloride, they give reddish brown coloration indicating 
the presence of ortho-hydroxy group. 
(tv) They respond to Wilson’s boric acid test and do not give colored reduction 
products with magnesium and hydrochloric acid (Seshadri and Rangaswami, 
Proc. Ind. Acad. Sci., 1942, 16A, 129), and 
(v) They are isomerised to the corresponding known flavanones. 


The constitution of the chalkone obtained from o-methoxybenzaldehyde was confirmed 
by preparing its benzoyl derivative which was found identical with the benzoyloxy-chalkone 
prepared from 2-benzoyloxy-5-methoxyacetophenone and o0-methoxybenzaldehyde by 
Russell’s method (J. Chem. Soc., 1934, 218). Further it was isomerised by hydrochloric acid 
to the corresponding flavanone identical with that of Kostanecki ef al, (loc. cit.). The reactions | 
are shown diagrammatically below. ' 


/ Nou 0) “NoH OMe 
| | + one ein —_ 


| : 
\ OMe COCH:CH€ > 


> 
MeO MeO\/ 
8 


cr€ > 


CH 
CO 


O OMe 
| 


2 


MeO 
\OBz dry HCL 


tog 

vse eaunher| 

stool + —/ MeO! | othtadgl 
\ / COMe OCH: CHC 


As the chalkones are obtained in small quantity along with the corresponding flavanones, 
it appears that the presence of 5-methoxy group makes 2-hydroxy group so reactive that the 
chalkone formed easily cyclises to the corresponding flavanone. The results obtained are 
very interesting as they supply the evidence that the chalkone is first formed and is then 
converted into the corresponding flavanone. The isolation of these chalkones brings the 
behaviour of quinacetophenone monomethy] ether in the same line with that of its isomers. 


Chalkones derived from Quinacetophenone Dimethyl Ether.—A considerable amount of work 
has been reported in connection with the formation of chalkones derived from resacetophenone 
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dimethyl ether and various aldehydes (Gosche and Tambor, Ber.,- 1911, 44,'3502; Lal, this 
Journal, 1939, 16,296; Jadhav and Vandrewala, J. Bom. Univ., 1948, 16, part V, 45; Perkin, 
Robinson and Turner, J. Chem. Soc:, 1908, 98, 109). However, the chalkone formation from 
quinacetophenone dimethyl ether has remained practically uninvestigated. Quinacetophenone 
dimethyl ether has now been successfully condensed with anisaldehyde, veratraldehyde and 
o-methoxybenzaldehyde using 75°% potassium hydroxide as the condensing ageut. As there 
is no free hydroxy group, the reaction is facile, the chalkones being obtained in good yield. 


OMe 7— | | ~ MeO 


+OHC : | 
MeO. // COMe malts MeO. / COCH: CHC Y 


\ 


In the case of benzaldehyde, a yellow solid is obtained which gives the characteristic reactions 
of a chalkone but it could not be purified. 


The chalkones derived from quinacetophenone have been already described (Vyas and 
Shak, loc. cit.), while those derived from quinacetophenone monomethy! and dimethyl ethers 
have been obtained for the first time. A roteworthy point that emerges from the study of 
some of the physical properties of these chalkones is that when the hydroxy groups of quinace- 
tophenone are methylated, the colour of the chalkones gradually fades from red to orange to 
yellow e.g., chalkones derived from quinacetophenone are deep red ; while those derived from 
quinacetophenone monomethyl ether are bright red; and those from quinacetophenone 
dimethyl ether are bright yellow. With regard to melting points, the methylation in the 
ketonic part of the molecule brings about the depression in the melting points of the hydroxy- 
chalkones, Quinacetophenone chalkones have higher melting poiats than those of the 
chalkones derived from quinacetophenone monomethy] ether ; while thosederived from quina- 
cetophenone dimethyl ether melt at still lower temperatures than those derived from mono- 
methyl ether. Roughly, the qualitative orderof melting pointis: hydroxy > monomethoxy > 
dimethoxy chalkones. 


EXPERIMENTAL 


Quinacetophenone mono and dimethyl ethers required for the purpose of investigation 
were prepared according to the method devised by Vyas and Shah (this Journal, 1950, 27, 189). 


2-Hydrox y-5-methox yphenyl-4'-methoxystyryl Ketone.—To a solution of quinacetophenone 
monomethyl ether (7g.) and anisaldehyde (7 g.) in alcohol (70 c.c.) was added potassium hydro- 
xide solution (45c.c., 40%) with cooling under tap. ‘The flask was covered and segled with 
paraffin and left overnight at room temperature, the colour of the mixture changing from 
yellow to deep red. It was then diluted with ice water (700c.c.) and acidified with ice-cold 
concentrated hydrochloric acid. The bright orange solid that separated was extracted four 
times with dilute sodium hydroxide (100 c.c., 5%). The residue 'was crystallised from ethyl 
acetate as colorless needles, m.p.158°, identified as 6 : 4-dimethoxyflavanone by the mixed 
m.p. with a sample prepared according to Kostanecki (loc. cit.). 


4 
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The combined alkaline extracts were cooled toe about 5° by adding sufficient ice and then 
acidified. On keeping in ice-bath for some time an orange flocculent solid separated ; it wes 
filtered, dried and crystallised from ethyl acetate, m.p. go-g1°. It gave all characteristic 
reactions of a chalkone, (Found: C, 71.7; H, 5.7. C,H »O, requires C, 71.8; H, 5.6 
per cent). 


6 : 4’-Dimethoxyflavanone,—The above chalkone (0,5 g.) was isomerised to the flavanone 
by using alcoholic hydrochloric acid (3%) as described in an earlier paper (Vyas and Shah, loc, | 
cit.). The flavanone obtained was identical with the flavanone described above. 


2-H ydroxy-5-methox yphenyl-3':4'-methoxystyryl Ketone—Quinacetophenone monomethy] 
ether (7 g.) was condensed with veratraldehyde (7 g.) as before using the same proportion of 
alcohol and potassium hydroxide. The mixture of chalkone and flavanone was separated | 
similarly. 6 : 3’ : 4'-Trimethoxyflavanone was crystallised from ethyl acetate, m.p. and the | 
mixed m.p. with an authentic sample (Ber,, 1904, 37, 779) were found to be 176°, 


The bright orange solid obtained by the acidification of the alkaline filtrate was crystallised 
from ethyl acetate as bright red shining needles, m.p. 136°. It is easily soluble in common 
organic solvents. (Found: C, 68.6; H,5.6. C,gH,.»O, requiresC, 68.8; H, 5,7 per cent). 


6 : 3’ : 4’-Trimethoxyflavanone.—The above chalkone was cyclised to the flavanone by 
means of hydrochloric acid as described before. Pale yellow solid obtained was crystallised 
from alcohol as colorless needles, m.p. and mixd m.p. with an authentic sample were 176°. 


2-Hydroxy-5-methoxyphenyl-2'-methoxystyryl Ketone was prepared from quinacetephe- 
none monomethyl ether (7 g.) and o-methoxybenzaldehyde (7 g.) as before. The chalkone 
and flavanone were separated as usual. 6: 2’-Dimethoxyflavanone was crystallised from 
alcohol as pale yellow needles, m.p. and the mixed m.p. with an authentic sample prepared 
according to Kostanecki (Ber., 1904, 87, 2346) were found to be 120°. 


The chalkone crystallised from alcohol as red shining needles, m.p. 100°. (Found :C, | 
72.0; H, 5.4. C,,H,.O, requires C, 71.8; H, 5.6 per cent). , 


6 : 2’-Dimethoxyflavanone was ptepared by the acid isomerisation of the above chalkone 
as before as pale yellow needles from alcohol, m.p. and mixed m.p. with an authentic sample | 


were 120°. 


The benzoyl derivative of the chalkone, prepared by benzoyl chloride-pyridine method, | 
separated as a pale yellow solid. After treatment with dilute sodium bicarbonate solution, it | 
crystallised from acetic acid as yellowish shining prisms, m.p. 124°. (Found: C, 73.9; H, | 
4.8. C,,H,.0, requires C, 74.2; H, 5.1 per cent). 


2-Benzoyloxy-5-methoxyacetophenone.—Quinacetophenone monomethyl ether (5 g.) was 
benzoylated by benzoyl chiaride-pyridine method. After usual treatment the solid obtained | 
was crystallised from alcohol in colorless needles, m.p. 62°. It gives no colour with alcoholic 
ferric chloride. (Found: ©, 70.9; H,5.1. C,gH,,O, requires C, 71.1; H, 5.2 per cent). 


2-Benzoyloxy-5-methoxyphenyl-2'-methoxystyryl Ketone.—2-Benzoyloxy-5-methoxyaceto- 
phenone (2.5 g.) was condensed with o-methoxybenzaldehyde (2g.)in dry ethyl acetate (40c.c.) 
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by passing dry hydrochloric acid gas in an ice-bath for nearly 24 hours. During the reaction, 
the colorless solution changed to bright red and then to dark red. The solvent was then evapo- 
rated and the solid left was washed with dilute sodium bicarbonate solution and then crystal- 
lised-from alcohol as pale yellow prismatic needles, m.p. and the mixed m.p. with the benzoy] 
derivative of 2-hydroxy-5-methoxyphenyl-2’-methoxystyry! ketone remaining unchanged. 


Condensation of Quinacetophenone Monomethyl Ether with Benzaldehyde.—This condensation 
was tried under various conditions. The reaction mixture was worked up as before. 6-Meth- 
oxyflavanone isolated was crystallised from alcohol ; m.p. and the mixed m.p. with an authen- 
tic sample prepared according to Kostanecki (Ber., 1904, 837, 773) were found to be 142°. 


The chalkone obtained by acidifying the alkaline filtrate gave an orange solid which 
could not. be crystallised. It turned to a thick oil. However, the crude chalkone gave all 
the characteristic reactions of a chalkone. 


Chalkones derived from Quinacetophenone Dimethyl Ether 


2 : 5-Dimethoxyphenyl-4'-methoxystyryl Ketone—The solution of quinacetophenone 
dimethyl ether (5 g.) and anisaldehyde (4.1 g.) in alcohol (20 c.c.) was gradually treated with 
potassium hydroxide solution (20 c.c., 75%) with cooling under tap, and left in a closed con- 
tainer for 24 hours. The resulting red solution was then diluted with ice water (500 c.c.). A 
thick oil separated which was well washed with water when it solidified; it was crystallised 
from benzene as bright yellow shining prisms, m.p.97°. (Found: C, 72.3; H, 6.0. C,gH,,O, 
requires C, 72.5; H, 6.0 per cent). 


2 : 5-Dimethoxyphenyl-3'-4'-dimethoxystyryl Ketone.—Quinacetophenone dimethyl ether 
(5 g.) was similarly condensed with veratraldehyde (5 g.) using alcohol (40 c.c.) and potassium 
hydroxide (20 c.c., 75%). The solid obtained was washed with very dilute alcohol and crys- 
tallised from benezene as bright yellow prisms, m.p. 92°. (Found: C, 69.3; H, 6.0. 
C,,H,.O, requires C, 69.5 ; H, 6.1 per cent). 


2 : §-Dimethoxyphenyl-2’-methoxystyryl Ketone—A solution of qttinacetophetione dime- 
thy! ether (5 g.) and o-methoxybenzaldehyde (4.1 g.) in alcohol (40 c.c.) was treated with 
potassium hydroxide (20 c.c., 75%) and left overnight. Its colottr changed from yellow to 
bright red. The chalkone isolated as before, crystallised from alcohol as bright yellow 
prisms, m. p. 74°. (Found: C, 72.5; H, 6.1. C,gH,,O, requires C, 72.5; H, 6.0 per cent). 


M. R. Sorence InstitTvTe, Received September 18, 1950 
Gusarat CoLLecE, AHMEDABAD. 
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PREPARATION, OF ANTIBACTERIALS FROM ORGANO-MERCURIALS. 
PART III. MERCURATED AMINES 


By S. S. Gua Srrcar AND JYOTIRMOY MITRA 


Several merourated amines, some of which were prepared by others but whose bactericidal properties 
not investigated before, have been prepared and their bactericidal properties investigated. 


The present work deals with some simple mercurated amines, which have been 
prepared’ by other workers, but the bactericidal action of which has not been tested. 
A list of the compounds, which includes a‘few not previously described, together with their 
m.p.’s and their analyses is given in Table III. A summary of their bacterio- 
logical activities is given in Tables I and II. It will be noticed that some of the compounds 
are highly active in vitro, 

There are some points of interest in the behaviour of the compounds. For example, 
compounds Nos. 12, 16, 2 and 22, which were prepared by using HgCl, instead of mercuric 
acetate, gave on analysis compositions corresponding to the hydrochlorides of the chloro- 
meércuri compounds, or in other words, they contained one mol. of HCl extra, which was obvi- 
ously combined with the free primary NH, groups. Secondly, whereas most of the compounds 
dissolved easily in dilute HCl, and could be diazotised, compounds Nos., 1, 5, 8, 9, 11, 17, 18, 
Ig, 20, 25, 26, 27 and 28 gave on treatment with dilute HC! sparingly soluble chloromercuri 
compounds which were difficult to diazotise. Better results were obtained by diazotising the 
original acetoxy compounds in dilute acetic acid solution. Thirdly, a few of the compounds 
(Nos., 17, 18, 20, 23, 24, 25, 26, 27 & 28) were found to dissolve in dilute NaOH solution, due 
to the conversion of the acetoxymercuri group into the hydroxymercuri group, the resulting 
compounds being soluble in water and strongly alkaline in reaction. The same behaviour is 
described in connection with the p-hydroxymercuri derivative of ethylaniline (cf. Newton 
Friend, ““Text Book of Inorganic Chemistry’’, Vol. XI, Part II, p. 123). 

The mercury in the products was analysed by the gold crucible method as described in 
previous parts (Guha Sircar ef al., this Journal, 1950, 27, 357, 535) and the bactericidal 
activity by the Rideal-Walker drop test method, using a 24 hour culture of E.Coli as the test 
organism. The #,;, of the medium was kept between 6.5 and 7.5. The temperature was 28.5°. 


TABLE I 
Name of the derivatives. After x Maximum effective 
minutes. dilution. 


p-Dimethylaminophenylmercuri acetate. 12} mins. 1 : 100,000 
p-Dimethylaminophenylmercuri chloride : 10,000 
p-Ethylaminophenylmercuri chloride : 10,000 
5-Acetoxymercuri-o-toluidine : 10,000 
Diacetoxymercuri-m-toluidine : 10,000 
Acetoxymercuri-p-toluidine : 10,000 
Chloromercuri-p-toluidine : 200,000 
: 400,000 
: 200,000 
: 400,000 
: 400,000 


Chloromercuri-p-toluidine hydrochloride (?) 


” ” ” 


ae ne | 


Dilu 


a el el ee 
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TABLE I (conid.) 
Name of the derivative. After x Maximum effective 
. ’ minutes. dilution. 

p-Acetoxymercuri-o-nitraniline 12} mins. : 
3(?)-Acetoxymercuribenzidine (+1 mol. of benzidine) 
Acetoxymerctri-p-chloroaniline 
Chloromercuri-p-¢hloroaniline hydrochloride (?) 
Acetoxymercuri-o-anisidine [+ 1 mol. of Hg(OAc)2] 
Chloromercuri-o-anisidine 
Chloromercuri-p-anisidine : 10,000 
Chloromercuri-o-anisidine hydrochloride (?) : 125,000 


1 
1: 1000 
1 
1 
1 
1 
1 
1 
Chloromercuri-p-anisidine hydrochloride (?) 1: 100,000 
1 
1 
1 
1 
1 
1 
1 
1 
1 


: 100,000 
: 125,000 
: 10,000 
: 10,000 


: 200,000 
: 200,000 
: 100,000 
: 10,000 
: 10,000 
: 1000 

: 1000 

: 1000 

: 100,000 


” ” ” 
Dichloromercuripyridine hydrochloride 
Dichloromercuriquinoline hydrochloride 
Acetoxymercurimethyl anthraniliate 
Chloromercurimethy! anthranilate 
Acetoxymercuriethyl anthranilate 
Chloromercuriethy] anthranilate 
Diacetoxymercurinaphthylamine 


TaBLeE II 


Bactericidal action of chloromercuri-p-toluidine considering the time and dilution factors simultaneously. 


Dilution. 10mins. 20mins. 30mins, 40mins. 50 mins. 60 mins. 7)mins. 80mins. 90 mins. 100mins. 120mins. 180mins 


10,000 
20,000 
30,000 
40,000 — 
50,000 + 
60,000 
70,000 
80,000 
90,000 
100,000 


l: 
1: 
1: 
1: 
Il: 
l: 
l: 
1: 
l: 
l: 
1: 
] 
1: 
l: 
1:1f 
lL: 
Ll: 
1: 
I: 
L: 
1: 
l: 
1; 
1; 
1: 
l: 
l: 


(—indicates inhibition of growth and +- indicates growth not checked). 








(loc. cit.). 


Most of the compounds were prepared according to methods described by N. Friend, 
Compounds Nes. 17, 18, 20, 21, 22, 24, 26, 27 and 28 were prepared mew by very 
similar methods. For the new compounds 12, 16, 21 and 22, HgCl, was used instead of mercuric 
acetate, and the HCl adducts of the chloromercuri derivatives were obtained as shown by 
analysis. Compounds Nos. 1, 5, 8, 9, 11, 17, 18, 19, 20; 25, 26, 27 and 28 are apparently insoluble 
in dilute HCl and compounds 17, 18, 20, 23, 24, 25, 26, 27 and 28 are apparently soluble inf 
alkalies, due to reasons mentioned in the introduction. 
As the work was carried out in 1946 at Dacca, in the midst of occasional interruptions, 
all the members of a particular series like the nitro and naphthyl derivatives could not be 
sttidied. The names, melting points and the analytical data of the compounds are given f 


in Table ITI. 
No. Name of derivatives. 

1. p-Aminophenylmercuri acetete 

2. p-Aminophenylmercuri chloride 

3. p-Dimethylaminophenylmercuri acetate 

4. p-Dimethylainophenylmercuri chloride 

5. p-Ethylaminophenylmercuri acetate 

6. p-Ethyleminophenylmercuri chloride 

7. _6-Acetoxymercuri-o-toluidine 

8. 5-Chloromercuri-o-toluidine 

9. Diacetoxymercuri-m-toluidine 
10. Acetoxymercuri-p-toluidine 
1l. Chloromercuri-p-toluidine 
12. Chloromercuri-p-toluidine hydrochloride 
13. p-Acetoxymercuri-o-nitroanili ne 
14. 3(?) -Acetoxymercuri benzidine + 

1 mol. of benzidine 
15. Acetoxymercrui-p-chloroaniline 
16. Chloromercuri-p-chloroaniline-hydrochloride 
17. Acetoxymercuri-o-anisidine+ 
1 mol. of mercuric acetate 
18. Chloromercuri-o-anisidine 
19. Acetoxymercuri-p-anisidine+ 
lmol. of mercuric acetate 

20. Chloromercuri-p-anisidine 
21. Chloromercuri-o-anisidine hydrochloride 
22. Chloromercuri-p-anisidine hydrochloride 
23. Dichloromercuripyridine hydrochloride 
24, Dichloromercuriquinoline hydrochloride 
25. Acetoxymercurimethy] anthranilate 
26. Chloromercurimethy! anthranilate 
27. Acetoxymercuriethyl enthranilate 
28. Chloromercuriethy! anthranilate 
29. 2:4 Diacetoxymercuri-« -naphthylamine 


CuemicaL LABORATORY, 
Dacca University, East Pakistan. 


EXPERIMENTAL 


TABLE III. 
Hg Chlorine 
es “ .. 
M.p. Cale. Found. Cale. Found. 
166-67° 56.98% 56.35% on — 
188-89° 61.06 62.24 10.84% 11.00% 
164° 52.77 52.35 — — 
223° 56.26 54.92 9.98 10.30 
129-30" 552.77 51.11 — _ 
141-43° 56.26 55.91 9.98 9.86 
144° 54.79 54.69 od _ 
175-76° 58.56 57.95 10.40 10.16 
19%° 64.21 63.14 -- — 
182-84° 54.79 54.44 — _— 
170° 58.56 57.89 10.40 10.26 
163° 52.9 52.38 18.78 19.22 
Above 50.51 51.05 — —_ 
260° 
138-40° 31.95 31.79 _— _ 
207-9° 51.87 52.47 9.20 9.31 
158° 50.19 50.95 26.73 26.98 
190-92° 57.23 58.78 —_ _ 
170-73° 55.86 56.69 9.91 10.22 
145° 57.23 58.59 “= a 
158-60° 55.86 55.26 9.91 9.74 
174-78° 50.76 48.57 18.02 17.32 
148-52° 50.76 50.08 18.02 17.89 
198° 68.44 69.29 18.22 19.16 
Above 63.05 64.00 16.78 17.05 
198° 
178-80° 48.9 47.74 ~- _— 
186° 51.87 52.37 9.20 9.30 
168-69 47.29 48.55 —_ —_— 
184° 50.06 49.32 8.88 8.78 
Indef. 60.70 59.71 — _ 


& 8. GUHA BSIRCAR AND J. MITRA 
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PREPARATION OF ANTIBACTERIALS FROM ORGANO-MERCURIALS. 
PART IV. SOME MERCURATED SULPHANILAMIDES 


By S. S. Guna Srrcar anp Ismet All 


Thirteen mercurated derivatives of sulphanilamide have been prepared. The bactericidal action of some of 
these aganist £. Coli and Staphylococcus aureus have been compared with the corresponding unmercurated com- 
pounds as well as with some azo and other simple derivatives of sulphanilamide. 


In part III of this series (this issue,p.80) the study of a number of mercurated amines showed 
that some of these possessed satisfactory bactericidal activities. It was thought desirable to 
extend the study to some mercurated sulphanilamides, which do not appear to have been 
described in the literature. These new products have been compared with a few azo 
compounds of this group. as well as with a few other simple products like the iodo, silver and 
N'-acetic and N‘'-propionic acid derivatives (mostly known). TablesII and III give a list of 
compounds prepared, their melting points and their analyses and Table I gives a summary 
of their bactericidal action as investigated by the usual Rideal-Walker drop method using 
24 hour cultures of E.Coli and Staphylococcus aureus as the test organisms. The method 
of preparation and properties of the products are described in the experimental portion. 

It will be noticed that whereas the unmercurated compounds are very weakly active in 
vitro, the mercurated products are somewhat better. ‘They are, however, still much weaker 
than the compounds described in parts I-III of this series. The compounds were dissolved 
in dilute HCl or NaOH as required and the solution brought to a #,, 6.5-7.5, by careful neu- 
tralisation with NH,OH or acetic acid. 


TABLE I 

Sr. Name of compounds. Max. effective dilution aganst 
No. E. Coli. Staphylococous. 
1. Sulphanilamide 1 : 500 1: 500 
2. Sulphanilamido-N'-propionic acid 1: 500 1 : 500 
3. ~ N'-acetic acid 1 : 500 _ 

4. Trichloroethylene-disulphanilamide 1 : 250 — 

5. 2-Amino-5-carboxyazobenzene-4’-sulphanilamide 1 : 250 1: 500 
6. 4-Oxy-3-chloroazobensene-’sulphanilamide 1 : 500 1: 1260 
7. 2-Oxy-5-chloroazobenzene-4’-sulphanilamide 1 : 500 1 : 1250 
8. 4-Amino-3-carboxyazobenzene-4 -sulphanilamide 1 3,250 ae 

9 2-COOH - - 1: 250 1 : 600 
10. 4-Carboxy azobenzene-3’-sulphanilamide 1 : 250 1;400 
Hl. B+ ip ” ” * >< 1 : 250 1; 600 
12, 2 is - - - i. 06 1 : 250 1600 
13. 2-Oxy-5-chloroazobenzene-4 ’-sulphanilamide 1 : 1250 1; 1250 
14. 1-Amino-2-iodobenzene-4-’sulphanilamide 1 ; 250 1; 260 
15. 1-Amjine-2 : 6-diiodobenzene-¢’ -sulphanilamide 1,250 Ll: $e 
16. Acesexymercuri-sulphanilamide , 1: 600 — 
17. Bengeylexy ,, ao on on 1 3.1250 1 : 1500 
18, Saliayloxy _ - = os 1: 1250 1 : 1250 
19. Mandelexy ,, m 1: 1250 
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The mercury derivatives are fairly stable to air and light and to cold and hot water. They 
are unaffected by dilute NaCl and do not precipitate egg albumin in aqueous solution. ‘The 
introduction of solubilising groups like N'-CH,COOH; or N‘'-CH,CH,COOH seems to reduce 
the activity. Se alsodoes combination with chloral (compound No. 4). ‘The azo-chlorophenol 
derivatives are more active than the other azo compounds. ‘The introduction of benzoyloxy 
or salicyloxy group with the mercury produces some improvement on the acetoxymercutri 
group. On account of the poor activities of the compounds generally, the whole series were 


net biologically tested. 


EXPERIMENTAL 


The mono and di-iodo derivatives were prepared according to Scudil (J. Amer. Chem..Soc., 


1937, 59, 1480). The azo compounds were prepared by diazotising sulphanilamide and coupling : 


with aminobenzoic acids and chlorophenols or by dixzotising aminobenzoic acids and coupl- 
ing with sulphanilamide. The mercuri derivatives were parepared (asin the case of mercurated 


phenols and amines in the other parts of this series) by heating a mixture of sulphanilamide f 


(1 mol.), HgO (I or 2 mols.) and acetic or.other organic acids (1 or2 mols.) in water or alcohol 
solution on the water-bath for 1-3 hours, cooling, filtrating and crystallising from hot dilute 
aceticacid. They are soluble in dilute HCl and NaOH but insoluble in most organic solvents. 
The di-derivatives required longer heating (5 hours) for their preparation. They were purified 
by dissolving in dilute NaOH and precipitating with dilute acetic acid. The sulpha drugs 
were also mercurated in the same way. The products are very sparingly soluble in water 
and in organic solvents, except in hot glacial acetic acid. 

For estimation of nitrogen in the mercurated products a modified Kjeldahl method was 
used (Bradstreet, Chem. Rev., 1942, 27, 333). For the azo compounds the method suggested 
by Marsh (Am. Chem. Abstr., 1931, 25, 5871) was used. Tables II and III give a list of the 
compounds, their m.p. or decomposition temperature and their analysis for N and Hg. 


Name of the compounds. 


oF 


Acetoxymercuri-sulphanilamide 
Diacetoxymercuri- ‘ 
Benzoyloxy- __,, me 
Dibenzoyloxy- ,, ” 
Salicyloxy- ” 
Lactoxy- a a 
Mandeloxy- __e,, ” 
Acetoxymercuri-sulpha-pyridine 
»  -thiazole 
» -diazine 
» -guanidine 
-prontosil oe 
-benzyl-sulphanilamide 


SSeS5eanpun 


aw 


Am 
> 


NO Wb 
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TaBLe IIT 


Name of the compounds. - p. Percentage of nitrogen 


Cale, 


Sulphanilamide re ay 
Acetoxy-mercuri-sulphanilamide .. ** 245° (d) 
Diacetoxy- - . os 285° (d) 
Benzoyloxy- ve os 255° (d) 
Dibenzoyloxy- as = 285-89° (d) 
Salicyloxy- os as 255° (d) 
Disalicyloxy- on de 271° (d) 
Mandeloxy- we a 278-83° (d) 
Dimandeloxy- a i 294-96° ((d) 
Lactoxy- = me oa 230° (d) 
Dilactoxy- on ee Si 288° (d) 
Sulphanilamido-acetic acid - 94 255° 
-propionic acid . - 124° 

Trichloroethylene- di-sulphanilamide os 98-100° 
Sulphanilamido-silver os 215° (d) 
2-Hydroxy-5-chloroazobenzene-4’- sulphanilamide - 210° (d) 
4- » 8-chloroazobenztre-4’-sulphanilamide ‘a 230° (d) 
2-Amino-5-carboxyazobe nzene-4’-sulphanile mide f' 156-58° (d) 
4-Carboxyazobenzene-3’-sulphanilemide es 123-25° (2) 
4-Amino-3-carboxyazobenzene-3’-sulphanilamide ni 158° (d) 
3-Carboxyazobenzene 3’- “*. 154° (d) 
4-Amino-2-carboxy- 4’- wd 150° (d) 
2-Carboxyazobenzen. 3’- a6 160° (d) 
1-Amino-2-iodobenzene-4’- - 179° 

» 26-di- ,, 4% ne 215° 
Acctoxymercuri-sul phaguapidine ee 210° (d) 

*» »  *prontosil ae 205-206° (d) 

‘ie »  ~benzylsulphanilamide ae 170° (d) 


Peto 


nee 


CuEemMicaL LaBoraToORY, 
Dacca UNTIVERsITy, Received May 25, 1950. 
Dacca, East Pakistan. 
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CHEMISTRY OF THORIUM. PART I. RAPID DETERMINATION OF THORIUM 
IN MONAZITE SAND 


By NIHAR Kumar DutT?r 


A rapid method for the quantitative determination of thorium in moaazite sand has been developed. Thermo- 
metric titration method of Dutoit and Grobet has been used forthe purpose. Thorivm has been determined thermo- 
metrically by titration with a solution of sodium pyrophosphate in acid solution. After adjustment of the concen- 
tration of. acid, the method has been found applicable to the determination of thorium directly in the solution 
obtained by the decomposition of monazite sand. 


Exact and rapid methods for the quantitative determination of thorium are of interest 
because of the growing importance of the element in the production of catalysts and alloys and 
in the investigation of nuclear phenomena. For a rapid determination, recourse must be 
taken to methods which are applicable to strongly acid solutions, since in such cases, prior 
removal of phosphoric acid is unnecessary. Only a few methods are available for the purpose. 
Perhaps the most highly recommended procedure is the iodate method of Meyer and Spater 
(Chem. Ztg., 1910, 34, 306) depending upon the insolubility of thorium iodate in solutions 
containing excess of iodate and up to 40% of nitric acid by volume. In its usual form, the 
method has yielded good results, particularly in the analysis of monazite sand, no doubt, but 
it is costly. ‘The composition of the thcrium compound has been shown by Moeller and Fritz 
(Anal. Chem., 1948, 20, 1055) to be the simple iodate of thorium Th(IO,), and not the double 
iodate as suggested by Chernikhov and Uspenskaya (Zavodskaya Lab., 1940, 9, 276). This 
procedure has been adopted by the former workers (M and F) for the titrimetric determination 
of thorium through the iodometric estimation of the iodate content of the precipitate thereby 
making it much more rapid. Mention may also be made of the hypophosphate method of 
Rosenheim in strongly acid solutions (Chem. Zig., 1912, 36, 821). For rough determinations, 
he recommended ignition of the hypophosphate to weighable pyrophosphate, but lack of 
constancy in composition of the ignition product requires decomposition of the precipitated 
compound with either caustic alkali or a mixture of sulphuric and fuming nitric acids, followed 


by precipitation as oxalate for accurate results. Of the methods available the cheapest seems f 
to be the pyrophosphate method of Carney and Campbell (J. Amer. Chem. Soc., 1914, 36, f 
1134) but it is rather tedious. The method consists in precipitating thorium with sodium f 
pyrophosphate from boiling solutions in 0.3N hydrochloric acid. In this case also a second fF 


pyrophosphate precipitation and ultimate precipitation with oxalicacid are necessary to yield 


pure thorium materials. Insufficient acid is said to prevent complete precipitation through fF 
the formation of soluble Na, Th(T ~ ‘,, 2H,O. A radioactive procedure of estimation of 


thorium in monazite has been developed by Moeller and Schweitzer (Anal. Chem., 1948, 20, 


1201) following the method of Carney and Campbell (oc. cit.) and using a measured excess of f 


standard sodium pyrophosphate solution containing a known activity of radioactive phos- 
phorus (P**) and determining the excess by measurement of its radioactivity. 


None of the methods described are easy, simple or quick. Insearching for a rapid method F 


of estimating thorium in presence of phosphoric acid and rare earths, thermometric titration 
method has been tried. The method is originally due to Dutoit and Grobet (J. chim. phys., 
1924, 19, 324, 331). It has been used by numerous workers in recent days for volumetric 
estimations (cf. Dean and Watts, J. Amer, Chem. Soc., 1924, 46, 855 ; Newcomer, ibid,, 1925, 
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47,64; Meyer and Fisch, Z. anal. Chem., 1929, 76, 418; Paris and Robert, Bull. soc. chim., 
1943, 224; 1945, 16, 538). The successful application of this method for the esti- 
mation of thorium forms the subject matter of the present communication. ‘Titrations with 
both petassium iodate and sodium pyrophosphate have been tried ; that with hypophosphate 
is in progress. Experiments with iodate proved unsuccessful, probably due to the fact that 
the thorium compound formed only in presence of a large excess of potassium iodate. It has 
been found, however, that sodium pyrophosphate can be employed with much success. This 
method has also been found applicable to the determination of thorium directly in monazite 
sand after adjusting the acid concentration. The optimum acid concentration has been found 
to be in the neighbourhood of 1.0 N, somewhat higher than that recommended by Carney and 
Campbell. This is essential for the success of the process. It is probable that at room 
temperature, the double salt, that is formed, is not broken up into simple thorium compound 
by dilute acid although it does so on boiling. ‘The method gives results comparable with those 
obtained by accepted procedures and is much more rapid. 


ExPERIMENTAL 


The sample of thorium nitrate used was supplied by E. Merck and Co., and sodium pyro- 
phosphate was supplied by Merck and Co., U.S.A. Thorium nitrate solution was 
standardised by precipitation with oxalic acid and subsequent ignition to dioxide. Sodium 
pyrophosphate solution was standardised as magnesium pyrophosphate after conversion 
into orthophosphate by boiling with concentrated nitric acid. 


Thermometric Titration 


The experimental arrangement was the same as that used by the present author 
(this Journal, 1945, 22, 4). 


TABLE I 


Pure thorium solution : Effect of acid conc. on the position of the break, 


Thorium soln. =-0.0803 M. Pyrophosphate soln.=0.208 M. Thorium soln. taken =20c.c. 
= 8.10 c.c. of the above pyrophosphate solution. 


Acid conc. Position of the break in c.c. of Ref. 
pyrophosphate used. 
O4N 7.20 
0.6 7.50 
. 8.00 Fig.l, 
8.10 Fig.l, ¢ 
8.20 
7.80 Fig.1, d 


Fig.l, a 


Thorium in presence of Certum.—As in monazite the ratio ThO, : R,O,. is never below 
1 : 6, experiments were not carried with artificial mixtures below this ratio. 

The original thorium solution (20 c.c.) was taken and to this solid cerium (being 
taken as arepresentative element of the rare earths) nitrate was added to get the desired 
ratio. 





88 N. K. DUTT 
Taste II 
Acidity= 1.0—1.2N. 
No. CeO2 Pyrophoshate 
“ThO2 soln. required. 
1 4 8.10 c.c 
2 8 8.20 
3 10 8,20 
+ 12 8.25 | 
5 15 8.50 


Results show that thorium can be accurately determined in presence of cerium earths 
when the ratio is as high as 1 : 10, but for ratios higher than 10 some contaminations occur 
giving higher results. 





Fic. 1 Fic. 2 
02 02 
&, 
& 
x 
be a1 A 
i =o 
) © 
= 
2 
S 
a b c d 
Vol. of pyrophosphate used {c.c.) , oe Orr yr. 9 


Vol. of titrant used (c.c.) 


Thorium in Monazite Sand.—Monazite sand (50 g.) was decomposed with 100 c.c of 
H,SO, (conc.), cooled, dissolved in ice-cold water, filtered and diluted to one litre. The 
solution was then analysed for ThO,- content by two methods, hydrogen peroxide method 
of Benz (Z. angew. Chem., 1902, 15, 297) and pyrophosphate method of Carney and Campbell 
(loc. cit.). 


Determination of ThO, in the above solution by Thermometric Method.—The solution 
(50 c.c.) was taken in the inner Dewar flask. To this were added 60c.c. of water and 2 c.c. of 
HCl, Sodium pyrophosphate solution was added from the burette. Foran aliquot of 1ooc.c. 
solution, volumes of water and acid were doubled. Results are shown in the following table; 
for comparison results obtained by other methods are given side by side 


Taste III 


Strength of monazite sand soln. with respect to the ThO, gontent 0.0136 M 
Strength of pyrophosphate used 0.1151 M. 


Vol. of Vol. of NagP207 Percentage of ThO2 by Ref 
soln soln. reqd. Thermometric Carney and H202 
No. taken Cale. Found. method. Campbell’s method. method. 
1. 50 c.c. 6.2 c.c. 6.2 c.c. 7.2 7.2 7.16 Fig. 2 
2. 50 6.2 6.1 7.1 
3. 100 12°4 12.3 7.1 
4. 100 12.4 12.3 7.1 


Inorganic CHemistry LaBoraTory, 
University CotLece or Screxnce 


anp TEcHNOLOGY, CaLouTTa. Received August 14, -1950. 
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DIALLYL DITHIOCARBAMIDOHYDRAZINE—A COLORIMETRIC REAGENT 
FOR BISMUTH 


By JAGANNATH GUPTA* AND KSHETRA PRASAD SEN SARMA 


The reagent, a colorless and stable compound, gives coloured complexes with Bi, Pd etc. which are extractable 
with chloroform. The lead, bismuth and cupric complexes he ve been isolated and analysed, showing the reagent to 
behave as a dibasic acid. The orange-yellow colour of the bismuth complex in chloroform, obtained by extraction 
from an aqueous phase at ps 2.4—2.7, is independent of excess of the reegent and proportional to the bismuth 
pp eae could be estimated colorimetrically in presence of 1000 times its weight of copper in presence 

The analytical applications of the compound dithiocarbamidohydrazine, NH,CSNH- 
NHCS-NH,, which contains potential mercapto groups coming into operation by enolisation 
with the neighbouring amino or imino groups, have been the subject of a previous communica- 
tion (J. Sct. Ind. Res., 1949, 8B, 133). The reagent gives a deep yellow colour.in a slightly 
acid solution of bismuth salts which is sufficiently stable for an hour and can be used for the 
colorimetric estimation of the element. On standing, however, the clear yellow solutions 
become turbid giving coloured precipitates of indefinite composition. It has been observed 
that hydrolysis plays an important part in effecting decomposition of the soluble complex. 

The present work relates to its diallyl derivative, a colorless and highly stable compound, 
whose bismuth complex, deep orange in colour, is sparingly soluble in water but extractable 
with chloroform in which the complex is highly soluble. Removal of the complex from the 
aqueous phase ensures its greater stability besides offering the obvious advantage of concen- 
trating traces of bismuth present in a large volume of aqueous solution into a small volume of 
chloroform. Besides, the reagent is recoverable from the chloroform phase by removal of the 
metal in a strongly acid solution. An analogous reagent is the well known compound, dithi- 
zone, which is more sensitive but much less sepecific in action. Besides being difficult to 
prepare, dithizone is itself coloured and is easily oxidised to a yellow product soluble in chloro- 
form and in carbon tetrachloride. All mono-color methods of colorimetry with dithizone, 
where excess of the reagent must be removed for its own color, are open to criticism (Sandel, 
“Colorimetric Determination of Traces of Metals’’, Interscience Publishers, 1944) though good 
results are obtainable with some metals by working with standards prepared under comparable 
conditions. . 

The search for new analytical reagents is primarily justified by the need for more sensitive 
and/or more selective reactions. The new reagent reported here forms colorless flaky crystals, 
easily obtained pure by crystallisation from alcohol. It is sparingly soluble in cold water, 
more so in hot, and easily in alcohol and chloroform. The solubility in chloroform at room 
temperature (30°) is a little over 2%. 

The optimum range of p, in which bismuth is extractable as the orange-yellow complex 
lies between 2.4 and 2.7 and is independent of the amount of the reagent present. in excess. 
Quantities of bismuth ranging between 0.2 and 1.2 mg, in the form of the complex in 20 c.c. of 
the chloroform extract, could be easily estimated by visual comparison in the Duboscg colori- 
meter. The depth of the colour with varying concentration of bismuth follows Beer’s law 


| closely. 


*Present address : National Chemical Laboratery of India, Poona—7. 
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Well defined compounds with copper, lead and bismuth have been isolated and thej 
properties studied. The following reactions of the reagent and some allied organic molecule 
were observed in nearly neutral solutions of cupric and bismuth salts. 


Taste I 


Reaction with 
Compounds Copper, Bismuth. 


C3H5NH.CS.NHNH.CS. NHC3H; Black ppt. Orange-yellow ppt., soluble in 
chloroform 


NH2CSNH.NHCSNH2 Black ppt. Orange colour, not extractable 
with chloroform 


NH2CSNHNHCONH2 Dark chocolate ppt. No ppt. or colour 
NH2ZCONH. NHCONH2 No ppt. or colour No ppt. or colour 


A comparative qualitative study of the above reactions leads to the interesting observation 
that while only one potential SH group is sufficient to form black cupric derivative, the simu 
taneous operation of two (SH) groups in 1:6 positions, as in dimercaptothiodiazole and dithio 
carbamidohydrazine, is important in the colour reaction with bismuth. This is an extension 
of observation made by Dubsky viz., that compounds containing the group (NH.CS.NH 
form yellow solutions with bismuth salts, while the grouping (NHCS.NH.CSNH) leads to the 
formation of red precipitates (Dubsky, Z.anal. Chem., 1934, 36, 267). 

A procedure for the colorimetry of bismuth with the reagent has been outlined in the 
present communication. The separation of the element from one thousand times its weight of 
copper has been effected. The latter is of special interest because minor proportion of bismuth 
in copper militates against its use for certain purposes. 


EXPERIMENTAL 


The reagent was prepared by the method of Freund and Wischewiansky (Ber., 1893, 26, 
2878) by refluxing a mixture of allyl mustard oil (40 g.) in alcohol, and hydrazine sulphate 


jodon 
Cu, 2 


, 


The 
magi 
= 


‘(26 g.) mixed with Na,CO, (21 g.). The compound separated as white flakes from the hot 
filtrate (36 g.), purified by recrystallisation from 90% alcohol, m.p.177°. [Found (by peroxide 


fusion) : S, 28,36. Calc. for C,H,NHCSNH. NHCSNHC,H, : S, 27.83 per cent]. 


It was later found that hydrazine dihydrochloride in place of hydrazine sulphate gave a 


very pure product though the yield was slightly less. 
The reactions of the reagents with some cations in solution were examined. Cu**, Hg*’ 
and Co** gave voluminous precipitates in neutral] or faintly acid solutions which were quanti- 


tative. Bismuth and palladium give orange-coloured, slightly soluble complexes which are 
extractable in chloroform from slightly acidic solutions. The lead, copper and bismuth 


complexes were isolated and their compositions established by chemical analysis. 


| Preparation of Lead Compound.—The lead salt was prepared as a light yellow powder by | 


precipitating from an acetate solution with an acetone solution of the reagent. The precipitate 


was washed with hot water, rectified spirit and dry acetone, dried in air and finally in a vacuum 
‘desiccator. Tjead was estimated as sulphate and sulphur by peroxide fusion. [Found : Pb, 


47.88 ; S, 14.47. Pb(C,H,,N,S,) requires Pb, 47.61; S, 14.71 per cent]. 

Preparation of the Cupric Compound.—The copper compound was prepared by preci- 
pitation ftom a warm 1% solution of copper sulphate acidified with acetic acid with a 2%, 
solution of the reagent in ammonia. The black compound was washed thoroughly with hot 
water, finally with rectified spirit and dried in'a vacuum desiccator.. Copper was estimated 
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Biodometrically after decomposition with nitric acid, and sulphur by peroxide fusion. [Found : 


Cu, 21.76; S, 20. gt. Cu(C,H,,N,S,) requires Cu, 21.81; S, 21. 95 per cent]. 

















The black compound | is appreciably soluble in organic solvents and is paramagnetic. 
The gram-molecular susceptibility found with a Guoy magnetic balance is 1.542 Bohr’s 
magneton, without diamagnetic correction for the constituents (I=9 cm, W=o.1936g, 
S,=3-8mg; Hyg.=10.16 x 10* gauss). 

























aluble in Preparation of the Bismuth Compound.—Pure Bi(NO,),, 5H,O (1.2 g.) was dissolved in 
acetone (10 c.c.) containing just sufficient nitric acid to take it into solution. The reagent 
(1.1 g.) dissolved in acetone (20 c.c.) was now added in the cold with shaking and left overnight 
in a refrigerator. The solution was then filtered and evaporated in air ; the solid redissolved 
in acetone (40 c.c.) and 17 into water(150 c.c.)in a separating funnel, and then extracted 


with chloroform (30 c.c.). The chloroform extract thus obtained was washed: with small 


tractable 


*rvation 
e simyl.)| amounts of water (10 c.c.) to remove excess acid, Excessive washing causes some of the bis- 
| dithio.,| muth compound to go into the aqueous phase. 





tension 
CS.NH The orange-red chloroform extract was treated with petroleum ether drop by drop till 
3 to thy it was just turbid and then left toevaporateinair, The orange product of the first crystallisa- 


tion was found to contain some sticky matter. Theclear red liquid was decanted from the top 
and precipitation effected by further addition of petroleum ether. The precipitate formed 
was filtered at the pump, washed with ether, purified by recrystallisation from chloroform and 
dried in a vacuum desiccator, yield 2.4°g. 


Bismuth was analysed’ as BiPO, and sulphur by peroxide fusion. [Found : Bi, 37. 38; 
S, 17.14. Bi,(CgH,,N,S,), requires Bi, 37.93: S, 17.42 per cent]. 


The bright orange-red compound is highly soluble in chloroform. On heating the solid, 
93, 26.— decomposition starts at 120° and is complete at 210°. 
Iphate 
he hot 


roxide 














On keeping a water-saturated chloroform solution of the bismuth complex for some 
hours, an orange-red compound separated slowly. This was isolated, dried in a vacuum 
desiccator and analysed. [Found: Bi, 45.83; S,. 15,12. BiROH (where R= C,H,,N;S,) 
requires Bi, 46.03 ; S, 14.09 percent]. It is thus analogous to the methylthiourea compound 





zave a 
of bismuth (Varilov, J. Appl. Chem. U.S.S.R., 1938, 11, 363). 
H.** 
g 
uanti- Colorimetric Estimation of Bismuth.—A standard solution of bismuth was prepared by 


dissolving Bi(NO,),, 5H,O (Merck, A.R) in the requisite amount of nitric acid and diluted as 
required. The bismuth content of the standard solution was determined by estimating bis- 
muth as phosphate. 


oh are fh 
muth fF 


er by 
vitate 
cuum 
| 





Colour Comparison at different py.—In preliminary experiments, a measured quantity cf 
standard Bi-solution was taken in a separating funnel, and dilute HNO, of known strength 
was added in such a way that on making the final volume of 100 ¢.c. an approximate, was 
obtained. Neutral and alkaline solutions were made up in presence of a sufficient quantity 
of sodium citrate. Then a measured amount of acetone solution of the reagent added and the 
colour formed was extracted by a measured volume of chloroform. ‘The chloroform extracts 
were then compared in a Helige colorimeter against a match solution prepared by mixing 
dilute solutions of potassium dichromate and cobalt nitrate. , 


yreci- 


| 2% 
1 hot 
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Tasre II 


Bi taken=1I mg. Reagent taken=10 mg. Total vol. of aq. soln.—100 c.c. 
Total vol. of CHCl,=10 c.c. 


Expt No. Approx. pu. Scale reading for standard Seale reading for 
match solution. the extract. 

1 1 16 : 35 

2 2 20 26.8 
3 3 20 28 

4 4 15 22.7 
5 5 15 22.5 
6 6 15 22.5 
7 7 15 26.4 
8 9 15 26.1 
9 10 15 24.6 


The colour formation is maximum around p, 2. It was observed that a reddish orange | 


bismuth compound separated from the chloroform after 8 to 10 hours. This appears to be the 


basic bismuth complex formed by hydrolysis from moist chloroform. ‘The colour was, how- | 
ever,stable for one or two days if the chloroform extract was dried with a few pellets of fused | 


CaCl.. 
Effect of Excess of the Reagent.—The standard bismuth solution (25c.c. containing 0.001 g. of 


Bi) was measured into each of four separating funnels, 20 c.c. water and 2 drops of dilute phenol- 
phthalein solution were added to each, and the solutions just neutralised by dilute ammonia 


followed by drops of dilute nitric acid (1 : 4) to p, 2 approximately. Different amounts of ff 


the reagent dissolved in acetone and greater than the equivalent quantity were now added, 
the solutions diluted to 100 c.c. and the colours extracted by 10 c.c. of CHCl, in each case. The 
‘SHC:, layers were taken out and the colours compared. It was found that the colour was 
the same even in presence of over fivefold excess of the reagent 

Optimum py range for Maximum Colour.—Keeping the «mounts of bismuth and the 
reagent fixed, different amounts of dilute nitric acid were used, after neutralisation with 
ammonia. The coloured chloroform extracts were then compared in a colorimeter against a 
match solution prepared by mixing dilute solutions of potassium dichromate and cobalt 
nitrate. 

The p,, of each aqueous solution after extracting with chloroform was determined by a 
quinhydrone electrode. 


Taste III 


Amount of Bi=0.001 g. Amount of the reagent = 0.004 g. 
Vol. of aq. soln. before extraction = too c,c. Vol. of CHCl, extract==15 c.c. 


Expt No. Amount of acid Colorimeter readings with match Pu- 
(1.48). soln. fixed at 15 of the scale. 
1 0.5 o.¢ 22.4 2.73 
2 0.7 22.6 2.56 
3 0.9 22.7 2.40 
4 1.1 29.6 2.24 


Thus a p, range of 2.4 to 2.7 is suitable for extracting the solution for colorimetric com- 
parison. 


Verification of Beer's Law 
(a) By Photo-electric Colorimeter.—Measured amounts of Bi, taken in separating funnels 
were diluted to 20 c.c, and neutralised by dilute ammonia, using phenolphthalein as the indi- 
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cator. The turbidity formed was cleared by adding 1.12 c.c. of norma) nitric acid to each, 
and final volume made up to 100 c.c, A 0.2% solution of the reagent (2 c.c.) in acetome was 


Fra, | 


Optical density. 








5 ~ ee J _ 
Vol. of Bi soln in c.c. 


densities have been plotted against volumes of 
showing that Beer’s law is followed closely. 


Taste IV 
Expt. No. Amounts of Bi Ratio 
A. B. A:B 
1 0.2 mg 0.4 mg. 1:2 
2 0.32 0.2 1 : 625 
3 0.32 0.4 1: 1.25 
4 0.32 0.6 1: 1.87 
5 0.4 0.8 1:2 
6 0.72 0.6 1: 833 
7 0.72 0.8 1:11 
8 0.72 1.0 1: 1,39 
9 0.72 1.2 mg. 1; 1.66 





added to each, and the colour extracted 
by toc.c, of chloroform. The chloroform 
extracts were collected in dry stoppered 
flasks and the solutions left in the funnels 
were washed thrice with 5 ¢.c. portions of 
chloroform, The washings were collected 
with the original extracts which were 
made up to a final volume of 30 c.c. and 
dried by adding a few pieces of fused 
ealcium chloride. 

The colours were compared in the 
Lumetron colorimeter (402 EF) using 4 
blue filter (420my), taking the percentage 
transmission of the most dilute solution 
as the standard. In Fig. 1, epticat 
bismuth solution (4 mg. Bi/c.c.) taken, 


Colorimeter readings Ratio of eelori- 


A. B. meter readings. 
15 7.6 1.97 
20 9.9 2.01 
30 14.9 2.01 
20 32.6 0.613 
30 48.6 0.617 
30 24.2 1.24 
40 32.2 1.24 
15 78 1.9) 
30 15.6 1.92 
10 4.8 2.08 
15 7.0 2.02 
20 9.4 2.10 
30 38.3 0.783 
7.5 9.2 0.815 
25 24.2 1.03 
30 27 1.1 
20 18.2 1.1 
12.5 8.8 1.42 
25 119 1.39 
40 27.8 1,44 
30 17.6 1.7 
15 8.9 1.68 
21.6 1,7 
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(b) By Duboscq Colerimeter.—The procedure adopted was the same asthat of the previous 
experiment. ‘The results are shown in Table IV. 

Range of Applicability of the Method.—Solutions containing different amounts of bismuth 
were made up to the same final volume within the same /, range 2.4—2.7 and extracted with 
chloroform as described in the preceding experiments. It was found that amounts between 
1.2. and 0,2 mg. of bismuth in the solution can be estimated after extractionin 20c.c. chloroform 
without difficulty. Beyond these limits the colours are either too deep or too light for visual 
comparison of colour. The upper limit can, of course, be extended by diluting the chloroform 
extracts. 

Extraction of Bismuth in presence of Copper.—The classical sulphide method for the 
separation is not satisfactory, specially where the proportion of bismuth is very small. A 
preliminary concentration by coprecipitation with iron is often necessary. 


The present reagent affords a simple and rapid method for estimating 0.1% of bismuth in | 


copper without any preliminary concentration of bismuth. Since by this method bismuth is 
extracted in a small volume of chloroform the range of applicability can probably be 
extended by increasing the size of the sample to bring the amount of bismuth within the 
normal working range of the method. 

Measured volumes of standard solutions of copper and bismuth were taken in a separating 
funnel and made up to 20 c.c. and 0.5 g. of sodium citrate was added and the solution made 
ammoniacal. The blue solution was then decolorised by adding a concentrated solution of 
potassium cyanide dropwise, two drops of phenolphthalein were added, and the solution just 
neutralised by 1.5N nitric acid. The final volume was then made up to 100c.c., 5¢.c. reagent 


solution in acetone (0.2%) added and the colour formed extracted first by roc.c. and later twice | 


with 5 c.c. portions of chloroform. The extracts were made up to 25 c.c. in stoppered measur- 
ing cylinders and then dried by a few pieces of fused calcium chloride. A standard 
was prepared by (a) taking a known amount of bismuth and extracting the colour formed by 


the reagent with chloroform ; (6) mixing a suitable proportion of standard copper sulphate | 


and bismuth nitrate solution and extracting the colour. Both methods were found satis- 
factory. 


TABLE V 

Bi taken. Cu taken. Bi recovered (mg.). 
0.40 mg. 50.0 mg. 0.3871, 0.3890, 0.3901 | 
0.60 118.8 5860, .5883,  .5853 
0.60 297.5 5883, 6155,  .5940 
0.60 500.0 6060, 5883, 

0.40 50.0 3704, 3608, 

0.60 118.8 6000, .5961, .5971 


0.60 500.0 -5883, .6047, .5971 


Standard burette, pipette, volumetric flasks and one calibrated weight box were used 
throughout the experiments. 
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University CoLLecs or Sorzncg, Received July 11, 1950 
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SYNTHESIS AND REACTIONS OF SOME HYDROXYMETHYLENE KETONES 
By R. R. AGARWAL, S. M. Gupta AND S. S. DESHAPANDE 


Hydroxymethylene di-n-propyl ketone and hydroxymethylene di-isobutyl ketone have been synthesised 
sud characterised. Reduction of hydroxymethylene  inenanene by sodium amalgam gave 2-methylene- 
cyclohexanone; while by the action of phosphorus pen’ ,1:1-dichlorocyclohexane-2-aldehyde was obtained. 

Aliphatic symmetrical ketones, higher than diethyl ketone, are comparatively less common. 
Two of such ketones, viz., di-n-propyl ketone and di-isobutyl ketone (I, R= Et and R =:sopro- 
pyl respectively), were available in small amounts in these laboratories. The 2-formy] deriva- 
tives (II) of these ketones are not described in literature, and in connection with the work of 
estimating enol content of 2-formyl ketones (Bokadia and Deshapande, this Journal, 1949, 
26, 455) which have mostly the hydroxymethylene structure (III), we have now prepared 
and characterised them. 


R-CH,-CO-CH,R R-CH,-CO-CH-R —- R-CH, CO-C-R 
ll 
CHO CHOH 
(I) (II) (I) 


The hydroxymethylene ketones were prepared by the usual method as given in the ex- 
perimental part. Hydroxymethylene di-n-propyl ketone (C,H,,O,) forms a green chelate 
copper compound (C,.H,,O,Cu, m.p. 122°) and a semicarbazone (m.p. 154°) but hydroxy- 
methylene di-isobutyl ketone (C,,H,,0,) does not yield a chelate copper compound or a 
semicarbazone. 

The two functional groups of hydroxymethylene ketones are keto and aldehyde (II), or 
in the enolic form, keto and hydroxymethylene (III). It is possible that either the former or 
the latter group or both of them may simultaneously react with a reagent. For instance, with 
phosphorus pentachloride, a hydroxymethylene ketone may give 1 : 1-dichloro-2-aldehyde 
(IV) or the chloromethylene ketone (V) or 1 : 1-dichloro-2-chloromethylene compound (VI). 


—C=CHOH —CH-CHO —C=CHCI —C=CHCI 
| | _er | | or 
—C=co a —C=0 CG 
(IV) (V) (VI) 


Again, addition of hydrogen may take place at the hydroxymethylene group producing 
the keto-carbinol (hydroxymethyl ketone) (VII) or at both the functional groups producing 
the glycol (VIII). 


—C=CHOH —CH-CH,OH —CH-CH,OH 
| 
annie Se —CHOH 
(VII) (VIII) 


With sodium and alcohol, hydroxymethylene camphor (IX) is reduced to camphylglycol 

(X) (Bredt, Annalen, 1909, 366, 22). Under similar conditions hydroxymethylene menthone 

is reduced to menthylglycol (Chem. Zentrl., 1901, II, 796). Hydrogen in presence of specially 
95 
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prepared nickel catalyst gives, however, camphylcarbinol (hydroxymethyl camphor) (X)) 
(Rupe, Ackermann and Takagi, Helv. Chim. Acta, 1918, 1, 452). 


C=CHOH CH-CH,OH CH-CH,OH C=CH, 
/\ Ji /4| ) 
fon for / | / 
CN | C,H,, ~ C,H,, C,H,, 

NI \ \ | 
\I 

C=O CHOH C=O C=O 

(IX) (x) (XI) (XII) 


In this reaction methylene camphor (XII) is obtained as a byproduct. 

Catalytic reduction of hydroxymethylene cyclohexanone (XIII) in presence of colloidal 
palladium yields 2-methylcyclohexanone (Kétz and Schaeffer, Ber., 1912, 45, 1954). 

Hydroxymethylene cyclohexanone was reduced with sodium amalgam or aluminium 
amalgam at the temperature of ice, keeping the medium slightly acid. After removing the 
unchanged hydroxymethylene ketone by dissolving it in alkali, a thick viscous neutral liquid 
was obtained which gave no colour with ferric chloride. It could not be purified, but from the 
crude product a semicarbazone was prepared (m.p. 228°). On distillation under reduced 
pressure, a thin liquid (b.p. 133°-135°/55 mm.) was obtained in almost quantitative yield. 
The pure liquid on analysis gave results corresponding with the composition C,H,,O. The 
result of analysis of its semicarbazone (m.p. 162°) corresponds with the composition of the 
semicarbazone of the ketone C,H,,O. A solution of this ketone in chloroferm readily 
absorbed bromine proving it to be an unsaturated ketone. The ketone is therefore 2-methy- 
lenecyclohexanone (XV) formed probably by loss of a molecule of water during distillation of 
hydroxymethylcyclohexanone (XIV) contained in the thick viscous liquid. 


C=CHOH CH-CH,OH C—cH 
Pp ? 4 VA 

C,H, ~ C,H, . Hex 
co co co 
(XIII) (XIV) (XV) 


That the ketone is not 2-methylcyclohexanone is further proved by the difference in the 
melting points of the semicarbazones of the two ketones (2-methylcyclohexanone semicarba- 
zone, m.p, 193°). 

The action of phosphorus pentachloride on hydroxymethylenecyclohexanone in benzene 
solution at the temperature of ice tock place at the keto group instead of at the hydroxyme- 
thylene group. The product obtained in good yield proved to be a neutral dichloro aldehyde 
C,H,,0Cl,, with strong reducing properties. It does not dissolve in alkali and does not give 
colour with ferric chloride. It is therefore 1: 1-dichlorocyclohexane-2 aldehyde (XVI). It 
forms a semicarbazone which melts at 232° and has composition CsH,,OCIN,. The semi- 
carbazide removed one molecule of hydrochlcric acid in the process ofsemicarbazone formation. 

CH-CHO 
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SYNTHESIS AND REACTIONS GF SOME HYDROXYMETHYLENE KETONES 


ExPERIMENTAL 


Hydroxymethylene-di-n-propyl Ketone.—A mixture of di-n-propyl ketone (15g., b.p. 142°) 
and ethyl formate (12 g.) was gradually added to a suspension of alcohol-free sodium ethylate 
(11.1 g.) in dry ether at 0°. The contents were shaken and kept at o° for 4 hours and then at 
room temperature for 2 days. The sodium compound of the hydroxymethylene ketone formed 
was filtered at the pump, washed with ether and decomposed with dilute sulphuric acid. 
The crude hydroxymethylene ketone was extracted with ether and after drying, the solvent 
was removed. The residual liquid distilled at 115°/80 mm., yield 6.2 g. (Found: C, 66.6; 
H, 9.9. CgH,,O, requires C, 67.7 ; H, 9.8 per cent). 

The hydroxymethylene ketone is a pale yellow, mobile liquid which gives violet colour 
with ferric chloride. On adding cold concentrated copper acetate solution to its alcoholic 
solution, the copper compound of the ketone separated as a light green crystalline mass. It 
separated from chloroform-petroleum ether mixture in light green small crystals, m.p. 122°. 
(Found : Cu, 18.7. C,g¢H,.0,Cu requires Cu, 18.4 per cent). 

The ketone forms a semicarbazone which after crystallisation from aqueous alcohol melts 
at 154°. 

Hydroxymethylene-di-isobulyl ketone was prepared from di-tsobutyl ketone (b.p. 
165°) in the same manner as in the case of the lower homologue. The reaction was slow and 
took 4 days for completion; 30g. of the ketone gave only 7.5 g. of the hydroxymethylene ketone. 
The latter is a light yellow mobile liquid which boils at 124°-125°/50 mm. It givesa reddish 
violet colour with ferric chloride. (Found: C, 69.6; H, 10.9. C,,H,gO, requires C, 60.6 ; 
H, 10.6 per cent). 


Reduction of Hydroxymethylenecyclohexanone : Formation of 2-Methylenecyclohexanone.— 


| Hydroxymethylenecyclohexanone (19 g., b.p. 110°/45 mm.) was mixed with ice-cold water 


(20 c.c.) in a basin and the mixture made slightly acid with dilute sulphuric acid. Sodium 
amalgam (prepared from 3.5 g. of sodium) was gradually added with constant rubbing. ‘The 
mixture was kept at 0° throughout the process and maintained slightly acid. ‘The reaction 
product was extracted with ether and the ether extract was shaken with dilute caustic soda 
which dissolved the unchanged hydroxymethylene ketone. The latter was recovered from 
the alkaline solution on acidifying and was used again in the processof reduction. The neutral 
ether layer after washing, drying and removal of the solvent left a thick, neutral, viscous mass 
which gave no colour with ferric chloride, yield 7.5 g. From the viscous liquid a semicarbazone 
was obtained which after crystallisation from alcohol melted at 228°. (Found: N, 23.9. 
C,H,,O,N, requires N, 23.0 per cent). 

The neutral viscous liquid (6 g.) was distilled when practically the whole of it passed 
steadily at 133°-135°/55 mm. as a thin, mobile, neutral liquid, yield 4g. The pure liquid 
(methylenecyclohexanone) was analysed. (Found: C, 75.4; H, 8.7. C,H,,O requires 
C, 76.3; H, 9.1 per cent). 

2-Methylenecyclohexanone is an almost colorless liquid, insoluble in alkali. Its solution 
in carbon tetrachloride readily absorbs bromine. It forms a semicarbazone which after 
crystallisation from water melts at 162°. (Found: C, 57.1; H, 7.7. CsH,,ON, requires 
C, 57.5; H, 7.8 per cent). 

Action of Phosphorus Pentachloride on Hydroxymethylenecyclohexanone : Formation of 
Dichloroaldehyde (XV1).—Phosphorus pentachloride (15 g.) was added in small instalments 
to a solution of hydroxymethylenecyclohexanone (8 g.) in dry benzene (25c.c.) kept in a flask 
surrounded by ice water and fitted with reflux arrangement. After the addition was over 
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the flask was heated on a warm water-bath for 15 minutes and the solution was shaken wit} 
.ice-cold dilute caustic soda which removed the phosphorus halide and also the unchange 
hydroxymethylene ketone. The benzene layer was washed with water, dried and the sol\ en 
removed when a dark coloured liquid was left which distilled at 126°-128°/50 mm., vield 7 g 
This was analysed. (Fourd: C, 46.2; H, 4.5; Cl, 40.2. C,H,,OCI, requires C, 46.4 
H, 5.5; Cl, 39.5 per cent). 

The dichloro aldehyde is a colorless liquid heavier than water. It does not dissoly 
in alkali and gives no colour with ferric chloride. It readily reduces Fehling’s solution anj 
ammoniacal silver nitrate. It is unstable and slowly polymerises to a dark green resinous mass 
It forms a semicarbazone which crystallises from acetic acid and melts at 232°. (Found} 
Cl, 17.6. CgH,,ON,Cl requires Cl, 17.6. CgH,,ON,Cl, requires Cl, 29.8 per cent). 


CHEMICAL LABORATORIES, 
Aora CoLiecE, Acra. Received March 23, 195 
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SAPONIFICATION OF ACETYLURETHANE AND ACETYL-SUBSTITUTED UREAS 


, By M. N. Desar AnD C. M. DESAI 


Saponification of acetylurethane, acetylphenyl-, acetyl-m-tolyl-, acetyl-p-tolyl-, acetyl-p-anisyl-, acetyl-p- 
xylyl-, and acetyl-m phenetyl-carbamide was carried out by alcoholic potassium hydroxide, at 28° and 38° and the 
rate constants were calculated by the second order equation. The results are explained on the basis of the effect of 
substituents in the nucleus on hydrolysis reaction in the side-chain giving electronic interpretation. The effect 
of the substituents in the nucleus on the side-chain hydrolysis reaction is in the following decreasing order : 
m-OEt<H<m-Me< p-Me>p-OMe. 


Kinetic study of saponification of esters can be traced back for more than half a century. 
A study of the effect of substitution on the rate determining factors in case of different esters 
| was, however, recently carried out by many investigators (Evans, Gordon and Watson, /. 
Chem. Soc., 1938, 1439; Smith and Levenson, J. Amer. Chem. Soc., 1939, 61, 1172, 1963 ; 
Shrivastava, this Journal, 1940, 19, 387) ; in these studies kinetic data have been interpreted 
in the light of the application of the equation, 


k= PZe Pe 


Ramart, Naik and collaborators (Bull. soc. chim., 1934, 1, 525; this Journal, 1938, 17, 
420 ; 1943, 22, 415) studied the velocity of saponification of the amides containing the grouping 
—CO. CH,. CO—. They observed that the velocity appeared to depend upon the nature 
of the radicals attached to the hydrolysable imino group, the position of the methyl group 
with respect to the imino group and also that the introduction of asymmetry increased the 
relative rate of hydrolysis. 


The present study deals with the rate of saponification of compounds containing the 
—CO.NH.CO— grouping, viz., acetyl-phenyl, -m-tolyl, -p-tolyl, -p-anisyl, -p-xylyl, 
and -m-phenetyl-carbamides and acetylurethane. The results are explained on the basis of 
the electronic conception of the influence of nuclear substitution on saponification reaction in 
a side-chain. 


EXPERIMENTAL 


These substances were prepared by the method given by Desai and Desai (this Journal, 
1949, 26, 249). 


Each of the substances (0.00625 g. mole) was dissolved in sufficient alcohol and the volume 
was made up to 240¢.c. to which 10 c.c. of 2.5N-alcoholic potassium hydroxide solution were 
added, so that the concentration of potassium hydroxide was 0.1 N and that of the substance 
0.025M in the reacting solution (250 c.c.). ‘The saponification was carried out at two different 
temperatures, viz., 28° and 38°, controlled thermostatically (+0.1°). The excess of alkali 
was estimated in presence of ice by 0.005 N succinic acid by withdrawing 5 c.c. of the reacting 


solution by means of a pipette at an interval of ten minutes upto 1 hour. In each case each 
99 
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run was repeated thrice. 
g- mol, min. from the equation 












































the two temperatures by the use of the equation 


dink E 
aT + RT? 


The results of a typical run are given in Table I. 


TABLE I 


Table II gives values of rate constants at 28° and 38° 
for different substances. 


Taste II 
Sr. Name. k& at 28°. 
No. 
1. Acetylurethane na 0.3027 
2. Acetyl-m-phenetyl-C* ne ee 0.2672 
3. Acetylphenyl-C os on 0.2418 
4. Acetyl-m-tolyl-C o- Te 0.1318 
5. Acetyl-p-tolyl-C a na 0.1122 
6. Acetyl-p-anisyl-C ee a 0.1110 
7. <Acetyl-p-xylyl-C * ws 0.0983 


*C denotes carbamide 


the rate constants of saponification of different substances, 
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a= 100 c.c. b=25 c.c. 
Time (¢). Alkali cone. Amide conc. 
(a-z) (b-2) 

10 min. 94.3 c.c. 19.3 c.c. 
20 90.2 15.2 

30 87.0 12.0 

40 84.4 9.4 

50 2.5 7.5 

60 81.0 6.0 






Sapontfication of acetyl-m-phenetylcarbamide at 28°. 


Velocity constant k 
(in litre/g. mol. min.). 


Mean 


and energy of activation E (cals) 


k at 38°. 


0.7746 
0.7037 
0.6475 
0.5490 
0.4811 
0.4732 
0.4063 


0.2665 
0,2629 
0.2642 
0.2696 
0.2699 
0.2704 


0.2672 


The bimolecular velocity constant was calculated in terms of litre 


The energy of activation E was calculated from measurement of the rate constants at 


E (cals). 


17480 
18020 
18320 
26560 
27080 
26990 
26400 


An examination of the above table reveals that & is of the same order of magnitude thus 
showing that the mechanism of saponification reaction is the same for different substances. 
However, the temperature coefficients in some cases are abnormally high ; this is rather excep- 
tional in reaction kinetics and requires further investigation at three or four different tempera- 
tures. Nevertheless, the results are explained as regards the effect of nuclear substitution on 
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SAPONIFICATION OF ACETYLURETHANE AND ACETYL-SUBSTITUTED UREAS 


DISCUSSION 


In the base-catalysed ester hydrolysis equation 
O- O 


4 / 
X—COOR-+-OH-—+x-C—OH () 7 XC OH —>X-COOH-+ ROH+-0H- 
(2) \ 
OR OR 


H...OH 


Step (a) should be the rate determining step and hence that increasing electronegativity 
of X or R should favour the hydrolysis and decreasing-the-electronegativity of X or R should 
retard the hydrolysis, since the attacking agent in step (a) is nucleophilic (Remick, “Electronic 
Interpretations of Organic Chemistry’’, 1946, p. 405). The similar reasoning is applied in the 
case of hydrolysis of acetyl-substituted ureas to explain the effects of the substituents in the 
phenyl group on the rate of hydrolysis. The mechanism of alkaline hydrolysis of acetyl- 
urethane to account for the formation of ethyl acetate (Kretzschmar, Ber., 1875, 8, 104) may 


be formulated as follows :— 


5 a O H...0H 
: si 7 H,0 : 
CH,CONHCOOC,H, +OH~—>CH,CONH —C —-OH—->CH, —C- -_NHCOOH 


OC,H, OCH, 


CH,COOC,H,+ NH,COOH+OH— <__— 
(unstable) 


To explain the formation of substituted phenlyureas (loc. cit.) the following mechanism 
) is formulated for the alkaline hydrolysis of acetyl-substituted ureas: 
O- O 
H.0 / 
» CH,CONH.CONHR + OH~—+CH,—C —OH—~>CH, —C—OH—> 
(4) \ () \ (c) 
NHCONHR NHCONHR 


H...OH 


—>+CH,COOH-+H,NCONHR+OH- 


Step (a) is the nucleophilic attack by hydroxy] ion and isa rate determining step. Here 
X(-CH,) remains the same, while R‘(-NHCONHR) is modified by the introduction of substi- 
tuents in the phenyl group (R). In the compound (2), -m-OC,H, group influences the reaction 
in the side-chain in accordance with its rather weak inductive effect (-I), increasing the electro- 
negativity of R which favours hydrolysis to a greater extent than that of acetylphenylcarba- 


7 
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mide (3). In (4), the electronegativity of R” will be decreased through the inductive effect 
(*I) of -CH, group and therefore, lowers the rate than that of (3). While in (5), the rate is 
still lower, because of the ‘tautomeric effect’ associated with -CH, group in para position which 
will still more decrease the electronegativity of R~ ‘The electron releasing effect of -CH, 
group attached para to a phenyl group in (5) is very often due to the hyperconjugative pow “ 
of the methyl group. In (6), the rate is still lower, because of the greater ( *T) effect of -OCH, 
group than that of -CH, group im para position. The electronegativity of R° is still further 
reduced in (7) by the ( +I) effect of one methyl group in meta position and ( *T) of the other 


















[Jour. 





-CH, group in ortho position and so of all the ureas, its rate is the lowest. These effects 


(I ond T) may be assumed to be relayed along the chain thus, e.g., 


¥ po \ 
CH,- CO< NH < CO<—— NH—© \—OCH, 
\ / 





Again in (1), the rate is maximum as the electronegativity of -OC,H, in ester group ish 


greater than that of -NHR in the amide group. 
Thus the effect of the substituents in the phenyl group in various substituted ureas on 
the side-chain saponification reaction is found to be in the following decreasing order : 


m-OC,H, > H>m-CH, > p-CH, >f-OCH,. 


The authors express their gratitude to the College Authority for a grant to meet 
the expenses incurred in this work. 


CHEMISTRY DEPARTMENT, 
M.T.B. Cottzer, Surat. Received December 22, 1949. 
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STUDIES IN INDIGOID DYES. PART VI 











other 






ffects The 7-chloro derivatives of bis-2-thionaphthene-ethylene indigo, 2-thionaphthene-9’-phenanthrene-indigo 
, and its 2’-nitro derivative, benzylidene-2-thionaphthene and two of its substituted compounds have been 
prepared. The dyeing shades of the thioindigoid dyes have been studied on wool and on cotton and those of 
the thioindogenides on wool only. 






In previous parts of this series of papers one of us (Guha, this Journal, 1935, 12, 659 ; 
1937, 14, 709 ; 1938, 15, 359; 1944, 21, 391 ; 1946, 28, 103) studied the influence of a methyl 
radical when present in every different available position of the thionaphthene nucleus of 
bis-2-thionaphthene-ethylene-indigo, 2-thionaphthene-g’-phenanthrene-indigo and its 2’- 
nitro derivative, benzylidene-2-thionaphthene and its p-nitro-, and p-dimethylamino deri- 
vatives (Friedlander and Risse, Ber., 1914, 47, 1919 ; Friedlander, Herzog and Voss, <bid., 
1922,55, 1591; Pummerer and Luther, Ber., 1931, 64, 831; Dutt, this Journal, 1932, 
9, 99; Friedlander, Monatsh, 1909, 30, 347). 
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In this communication, a few compounds having a chlorine atom in the 7-position of the 
thionaphthene ring of the dye molecules stated above have been studied primarily with the 
object of observing if the change in colour of the isomeric (4-, 5-, 6-, 7- chloro) thionaphtbene 
indigos, also takes place in the same way as already found in the case of isomeric (4-, 5-, 6-, 
7- methyl)-thionaphthene-indigos (Guha, Joc. cit.). Secondly, because instances belonging 
to symmetrical and asymmetrical thioindigoid dyes and also thioindogenides having any type 
of substituent solely in the 7-position of the thionaphthene ring of the dye molecule are few 
only (cf. Guha, this Journal, 1943, 20, 37 ; 1944, 21, 87; Dalgleish and Mann, J. Chem. Soc., 
1949.8 1945, 893 ; Guha and Chatterjea, this Journal, 1947, 24, 473; 1948, 25, 429). 


meet 


7-Chloro-3-hydroxythionaphthene (Dalgleish and Mann, Joc. cit.) was therefore 
condensed with glyoxal, phenanthraquinone and its 2-nitro derivative, benzaldehyde, p-nitro- 
and p-dimethylaminobenzaldehyde respectively and the corresponding new products obtained. 


The thioindigoid dyes as well as the thioindogenides described here are all crystalline 
substances. The products of former class are all soluble in nitrobenzene and the compounds of 
latter class dissolve easily in pyridine, xylene and nitrobenzene. ‘The products of both the 
classes dissolve in cold strong sulphuric acid producing a characteristic colour from which water 
precipitates the original substances suitable for dyeing on wool from an acid bath. The 
dyeing shades of the first four compounds on wool and those of the second and third dyes on 
cotton from an alkaline hydrosulphite vat were not fully developed. It was found easier to 
work with the 2-(7-chloro)thionaphthene-9’-(2’-nitro) phenanthrene-indigo in developing 
shades on cotton from the alkaline vat than the mother compound which was not reduced 
easily, similar to what was experienced in the case of isomeric (methy]) thionaphthene-phenan- 
threne-indigos (Guha, Joc. cit.). 


Further studies in the 5-chloro series of the class of compounds have been undertaken. 
103 
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ExPERIMENTAL 


bis-2-(7-Chloro)-thionaphthene-ethylene-indigo 


A solution of glyoxal sodium bisulphite (1.136g.) in water (30 c.c.) was mixed with 7- 
chloro-3-hydroxythionaphthene (1.476 g.) dissolved previously in absolute alcohol (50 c.c.). 
The mixture was treated with strong hydrochloric acid (8c.c.) and heated for 1} hours on the 
water-bath. The separated crystalline dye (0.47g.) was collected, washed with hot water and 
crystallised from nitrobenzene in long violet-red needles melting above 320°. It is moderately 
soluble in pyridine, xylene, benzene, acetic acid, alcohol and carbon tetrachloride. Strong 
sulphuric acid dissolves it producing a leafy green solution from which water precipitates the 
originaldye. It dyes wool in violet-red shade from an acid bath and cotton in deep violet-red 
shade from a deep yellow alkaline hydrosulphite vat. (Found: Cl, 18.38. C,,Hg0,CL5, 
requires Cl, 18.16 per cent). 


2-(7-Chloro)-thionaphthene-9~phenanthrene-indigo 


Phenanthraquinone (0.63 g.) and 7-chloro-3-hydroxythionaphthene (0.55 g.) were 


dissolved in boiling glacial acetic acid (40 ¢.c.).. The resulting solution when gradually treated 


with strong hydrochloric acid (4 ¢.c.), separated.a thick brownish red crystalline mass. After 
heating for 10 minutes, the dye (0.67 g.) was collected, washed with a little glacial acetic acid, 


water and finally crystallised from xylene in needles melting at 306° with previous shrinking § 


at 304°: The product is soluble in pyridine, xylene, benzene ; moderately soluble in acetic 
acid, carbon tetrachloride; sparingly soluble in alcohol. The solution of the substance in 
cold strong sulphuric acid is light green. It dyes wool in light khaki brown shade from an acid 
bath and cotton in light violet shade from a light yellow adkaline hydrosulphite vat obtained 
at 75°-80°. (Found: Cl,9.2. C,,H,,0,CIS requires Cl, 9.47 per cent). 
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2-(7-Chloro)-thionaphthene-g'-(2'-nitro)-phenanthrene-indigo separated at once in deep 
brownish red crystals when a solution of 2-nitrophenanthraquinone (0.69 g.) and 7-chloro-3- 
hydroxythionaphthene (0,55 g.) in boiling glacial acetic acid (42 c.c.) were treated with strong 
hydrochloric acid (2 c.c.). The mixture was heated for 10 minutes and cooled to room tem- 
perature (30°). The dye (0.90g.) was collected, washed with acetic acid, water and crystallised 
thrice from nitrobenzene in bundles of pointed needles decomposing and subliming above 
320°. Itis soluble in pyridine and tetralin ; moderately soluble in xylene, benzene and carbon 
tetrachloride ; sparingly soluble in alcohol. It dissolves in cold strong sulphuric acid produc- 
ing a deep green solution. It dyes wool in violet-brown shade from an acid bath and cotton in 
violet colour from an yellow alkaline hydrosulphite vat at 60°-70°. (Found: N, 3.34. 
C,,.H,,O,NCIS requires N, 3.33 per cent). 


Benzylidene-2-(7-chloro)-thionaphthene 


, 3 
s/ \——CO DT 


j | | pa 
Sopa fons ‘ Se 
7 5 . 8 


It separated in yellow needles from a solution of benzaldehyde (0.42 g.) and 7-chloro- 
3-hydroxythionaphthene (0.738 g.) in absolute alcohol (16c.c.) when treated with strong hydro- 
chloric acid (2 ¢.c.) and heated for 20 minutes only. The product (0.718 g.) was crystallised 
from alcohol in long yellow needles melting at 161-62°. It is soluble in benzene, carbon tet- 
rachloride and acetic acid. The solution of the substance in cold strong sulphuric acid is of 
violet-red colour. It dyes wool in yellow’ shade from an acid bath. (Found : §, 11.66. 
C,,H,OCIS requires S, 11.72 per cent). 

4 °-Nitrobenzylidene-2-(7-chloro)-thionaphthene was obtained in a similar way from p-nitro- 
benzaldehyde (0.604 g.) and 7-chloro-3-hydroxythionaphthene (0.738 g.) which were dissolved 
in absolute alcohol (30¢.c.), treated with strong hydrochloric acid (4¢.c.) and heated for a few 
minutes only. The separated crystalline product (0.828 g.) was crystallised from benzene in 
pleasant, shining yellow, long pointed needles, m.p. 280-281°. The substance is moderately 
soluble in benzene, acetic acid ; sparingly soluble in alcohol and carbon tetrachloride. Strong 
sulphuric acid dissolves it producing a bluish violet solution in cold. It dyes wool in a pleasant 
bright yellow uniform shade from an acid bath. (Found: N, 4.66. C,,H,O,NCIS requires 
N, 4.4 per cent). 

4’-Dimethylaminobenzylidene-2-(7-chloro)-thionaphthene.—Its hydrochloride separated as 
yellow rectangular plates from -dimethylaminobenzaldehyde (0.596 g.) and 7-chloro-3-hy- 
droxythionaphthene (0.738 g.) when dissolved in absolute alcohol (20c.c.), treated with strong 
hydrochloric acid (25¢.c.), heated for 4 hour on the water-bath and cooled to 40°. The product 
{0.981 g.) on washing with dilute alcohol (1:1) turned yellowish red ; it was washed well with 
dilute ammonium hydroxide and hot water. It was crystallised from alcohol in rectangular 
shining plates, m.p. 187-88°. It is soluble in acetic acid, benzene, carbon tetrachloride ; 
moderately soluble in alcohol. It dissolves in cold strong sulphuric acid giving beautiful 
violet solution which on dilution with water first turns light yellow and then the original 
substance is precipitated. It dyes wool in pleasant red-orange uniform shade from an acid 
bath. (Found: N, 4.71. C,,H,,ONCIS requires N, 4.4 per cent). 


Scrence CoLiecs, Received May 6, 1950. 
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A NOTE ON PARACHOR AND RESONANCE 
By W. V. BHAGWAT AND R. P. SHUKLA 


In a previous note (this Journal,1950, 27, 283) we have laid down the parachor conditions 
for resonance. On this basis, if a single bond and a double bond are interchanged, 
there is no change in parachor and hence resonance structure should consist of this 
exchange. Parachor thus explains the resonance structures of NO,group, NO, and 
CO,ions. It may be noted that dipole moment does not support resonance although 
electron diffraction measurements confirm it. 

The acids, esters, amides and chlorides can also show resonance structure on the sam 
ground. It is supported by the fact that they show none of the ketonic carbonyl reactions, 
Resonance structures of ozone, sulphur dioxide and sulphur trioxide are explained similarly 
from the parachor point of view. Resonance between various structures of Kekulé 
for benzene, naphthalene, anthracene and phenanthrene occurs for the same reason. 

When a benzene ring changes.to canoeical ring, a double bond disappears and two ring 
offour appear. This does not involve any change in parachor as the parachor of a double bond 
is equal tc the parachor of two rings of four. Resonance between Kekulés structure and De- 
war's structure is thus possible. Glasstone (‘‘Recent Advances in Physical Chemistry’’, 1938, 
p. I10) expresses a surprise that parachor values do not indicate resonance. He did not 
realise that the various resonance structures according to parachor condition should have 
the same parachor. 

It will be seen that the parachor results do not directly give a clue to resonance, since 
parachor values for the various structures according to parachor condition of resonance should 
be the same. It indirectly suggests that if in a compound a rearrangement is possible such 
that the parachor value does not change appreciably, the resonance between these structures 
is possible. This happens when 


(¢) a single and a double bond are interchanged, 
(it) two double bonds are interchanged with a single bond and a triple bond, 
(itt) a benzene ring changes to canoeical ring with the disappearance of a double bond 
and appearance of two rings of four. 


We have shown that majority of the known resonance structures fall under one of the 
three categories. 

Our view explains certain anomalies. According to Thiel’s rule butadiene should form 
the dibromo compound CH,Br.CH = CH-CH,Br. The main product, however (Thorpe and co- 
workers, ]. Chem. Soc., 1928, 729), is CH,Br—CHBr—CH=CH,. The first product assumes 
the resonance structure H,C *—CH—CH—CH,,~. This isaccording to our view is not possible, 
since it involves a change in parachor of 23.2 untis. 

The resonance structures for isocyanide group and COare suggested (Glasstone, ‘Recent, 
Advances in Physical Chemistry’’, 1938, p. 115). According to us this is not possible as it, 
involves a change in parachor of 23.2 units. Our view is supported by dipole moment and 
Raman effect and these groups have one structure, mainly C* = N* — and C7 =O*. 


Hotxar Cotiecr, Inporz. Received July 29, 1950. 
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FORMATION OF COMPLEX COMPOUNDS BETWEEN LEAD 
NITRATE AND ALKALI NITRATES. PART IX, 
THE SYSTEM : RbNO3-Pb(NO3)e-H2O 


By M. R. NAvAR AND C. S. PANDE 


Experiments with rubidium nitrate-water system, viz., viscosity, conductivity and transport 
number, indicate that the tendency for the formation of complex compounds is even more 
than in the case of KNO, and NH,NOsg system. Three definite complex compounds, viz., (i) 
4 RbNOs. Pb(NOs),, (ii) 2 RBUNO,. Pb(NO;), and (iii) RbUNOs. Pb(NO3)., analogous to those 
of potassium and ammonium complexes occur in solution in this system. The formation of complex 
compounds between lead nitrate and alkali nitrates seems to be conditioned by the order of alkali 
metals in the Periodic Table, that is, increasing with the atomic number or atomic volume. 


In the previous parts of this series (Proc. Jud. Acad. Sct., 1948, 27A, 
284, 343; 1949, 30A, 251), we have adduced evidence for the existence of 
three complex compounds in solution in each of the systems: KNO;- 
Pb (NO3)2-H2O and NH4NO3-Pb(NO3).-H2O, while no such formation could 
be observed in the systems: LiNO ;-Pb(NO3)2-H2O and NaNO;-Pb(NO;).,- 
H.O. An independent confirmation for the existence of the three complexes 
in the system : KNO3-Pb( NO3)2-H,0O, has been obtained by Narasimha Murthy 


(zdtd., 1950, 31A, 160). The properties investigated by him were Faraday 
rotation, refractive index and refractivity dispersion. It was of imerest to 
extend the investigation to other alkali nitrates beyond potassium. In this 
paper we report our results obtained with the system : RbNO3-Pb(NO3).o-H.20O. 
The properties investigated are viscosity, conductivity and transport number. 
This system has not been investigated before. 


EXPERIMENTAL 


We had only a limited quantity of rubidium salt in the form of 
sulphate at our disposal. This was converted into nitrate by carefully treating 
with an equivalent amount of barium nitrate in solution. The crystals 
obtained from the filtrate were recrystallised thrice with distilled water and 
the purity tested by converting a known amount of RbNQOs into RboSO,. 
It was found to be almost cent per cent pure. 

A small flask was blown and calibrated to hold 30c.c solution. 05//- 
Rubidium nitrate solution (10 c.c.) was pipetted into the flask to which the 
requisite volume of lead nitrate (0.547) was added and the mixtures made 
up to the mark (30 c.c.) by addition of water. In this way 21 solutions were 
made in which the concentration of rubidium nitrate remained the same 
(viz. 1/6 1), while that of lead nitrate varied systematically from 0.01/ to 
1/3 M@. The solutions were of the following composition. 
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Soln. No. is 2 3 t-« 7 8 9 10 
Pb(NOsg), added 
tol0cc.RbNOs ... 0 a ee 2 25 3 35 4 45 5 
Soln. No. oe ge Og ag Ag 4gg  aF igg ow me om 
Pb(NQOs), added 
tol0ce. RbDNO, ... 6 YS "2° e>2 oo 2 2 eo 


These solutions were stored in steamed reagent bottles (100 c.c. 


capacity). 
Viscosity and Conductivity 


The values of viscosity and conductivity are recorded below in 
Tables I and IL 


TABLE I 


Viscostty. 
Temperature = 25+0.05". 
M/2-Pb(NOs)¢ 


M/2-Pb (NO3)- ' 
Soln. added to 10 c.c. of *Viscosity. Soln. added to 10 c.c. of *Viscosity. 
No. M/2-RbNOs soln. No. M/2-RbNOsy soln. 
1 0.0 c.c. 0.9923 12 7.0 c.c 1.0196 
2 1.0 0.9978 13 8.0 10210 
3 15 1.0000 14 9.0 1.0240 
4 2.0 1.0030 15 10.0 1.0250 
5 2.5 1.0012 16 110 1.0350 
6 30 1.0070 17 12.0 1.0356 
7 3.5 1.0070 1 140 1.0410 
8 4.0 1.0069 1S 16.0 1.0470 
9 45 1.0070 20 18.0 1.0520 
10 5.0 10069 21 20.C 1.0565 
1l 6.0 1.0170 


* Viscosity here means relative viscosity i.e. (H,O=1). 


TasB_e II 
Conducttvtty. 
Cell constant = 28.47. Temperature = 25+0.05°. 

Soln. No. Conductivity x 10-?. *Resistance. Soln. No. Conductivityx10-%. *Resistance. 
1 2.033 mhos 1400 ohms 12 3.462 mhos 823 ohms 
2 2.280 1250 13 3.602 791 
3 2.438 1173 14 3.8007 750 
4 2.583 1100 15 4.1007 695 
5 2.758 1037 16 4.102 694 
6 2.725 1045 17 4.192 680 
7 2.853 998 18 4.512 631 
8 3.025 946 19 4.901 581 
9 3.241 880 20 5.250 543 

10 3.498 816 21 5.566 512 
11 ' 3.408 836 


"Refers tothe value when the null point was exactly at the centre of the bridge. 
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When these values were plotted against the concentration of lead 
nitrate (Figs. 1 and 2), three breaks in the regular curves were obtained at 
concentrations corresponding to the formation of three compounds : 


(a) 4 RbNOs.Pb(NO,)o, (4) 2 RbNOs,Pb(NO3)> and (¢) RbNO3. Pb(NOs)> 


Fic 1 
System: RbNOg-Ph(NO ,)2-H,0. 


Conductivity at 25°. 
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These curves are exactly analogous to those obtained with the systems 
containing respectively KNOs and NH,NOs (oc. cz/.). Thus these results 
taken together with those obtained with LiNOs and NaNOsg indicate that 
the tendency for complex formation between lead nitrate and alkali nitrates 
increases as we go beyond potassium and decreases as we proceed below it. 

In order to have a quantitatively comparable idea of the behaviour 
of rubidium with the rest of the alkali nitrates experiments on transport 
number of Pb ion were also carried out. 


Transport number of Pb**ion was determined in 1//24, M/48 and 1/96 
lead nitrate solutions (the choice of the dilution being necessitated by the 
quantity of RbNOgs at our disposal). The method employed was the same 
as described in parts V and VII of this series (/oc. c#/.). After taking measure- 















110 M. R. NAYAR AND C. S. PANDE 


ments with lead nitrate alone, the experiments were repeated with mixtures 
containing the molecular ratios: RbNOs: Pb(NOs3)o :: (1:1:), (1:2) and 


(4:1). 

















Fic. 2 
System: RbNOg-Pb(NOg)2-HyO. 
Viscosity at 25°. 
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Transport Number 


In these solutions the concentration of rubidium nitrate was kept constant 
(viz., 12/24). while that of lead nitrate varied according to requirements. 
The results are tabulated in Tables III and IV. 


TABLE III 


Transport number of Pb-zon. 





System : Pb (NO;),—H,0. System : RbUNO,—Pb(NO;),.—H,O 
Saln. No. Conc. Transport No. Soln. No. Cons. Transport No. 

M/?4-RbNO,+ 

I. M/24 0.4901 I. I! /24-Pb(NOs), 0.2631 
Ratio (1: 1) 
M/24-RbNO,+ 

Il. M/48 0.4961 Il. M/48-Pb(NOs). 0.1328 
Ratio (2: 1) 
M/24-RbNO,+ 

Vi. M/96 0.4996 III. M/96-Pb(NO3). 0.1217 


Ratio (4: 1) 
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TaBLe IV 


Percentage change in transport number of Pb-ron in 
presence of dtf. alkali nitrates. 


Mol. ratio (1)* (2)* (3)* (4)* (5) 
RNO,  : Pb(NOsg).. LiNOs. NaNOs. NH,NOs. KNOs. RbNOg. 
(1:1) 2.69%, 6.40 % 35.35, 38.18°. 46 32% 
(2:1) 5.05 14.32 57.2 60.20 73.23 
(4:1) 6.87 18.60 68.7 72.20 75.64 


* Values reproduced from parts V & VII of this series (/oc. cvt.). 


The summarised results in Table IV are worthy of close study. It 
records percentage change effected in the transport number of Pb-ion in 
the presence of different alkali nitrates. 


(a) The percentage change in transport number of Pb-ion in the 
presence of LiNO; is of a very low order z¢. (2.69-6.87), indicating the 
tendency for the formativun of complex compounds to be practically nil. 


(4) While sodium nitrate affects the transport number of Pb-ion to 
some extent (6.4-18.6%), showing a slight tendency for the formation of 
complexes, no stoichiometric relations having been observed. 


(c) On the other hand, significant variations in the value of Pb-ion 
in the presence of KNO3, NH4NOsz3 and RbNOs are obtained. The change 
effected varies from 35% to 75.6%. This clearly indicates that potassium, 
ammonium and rubidium nitrates have similar effects, and that the tendency 
for the formation of complex compounds increases in the same _ order. 
Three different orders of magnitude in the values further confirm the 
presence of three different complexes in each of the three systems. 


CuemistTRY DePpaRTMENT, Received July 29, 1950. 
Tue Universiry, Lucknow. 
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FORMATION OF COMPLEX COMPOUNDS BETWEEN LEAD 
NITRATE AND ALKALI NITRATES. PART X. 
THERMOMETRIC TITRATIONS 


By M. R. NAYAR AND C. S. PANDE 


Thermometric titration curves definitely indicate the formation of three complex compounds 
in the systems : KNO,-Pb(NO,),-H,O, NH,NO;-Pb(NO3),-H,O and RbNO,-Pb(NO3).-H.O, 
whereas in LiNO,-Pb(NO,),-H.O and N-NO,-Pb(NO3),-H.O systems there is no indication 
of complex formation. The observations are in conformity with the results obtained from 
other physico-chemical properties. 


In previous parts of this series (Prec. /nd. Acad. Sc1., 1948, 27A, 284, 
343; 1949, 30A, 251), it has been shown that in alkali nitrate-lead 
nitrate-water systems, three definite complexes are produced in solution 
in those containing potassium, ammonium or rubidium nitrate, while no 
such compounds seem to be produced in lithium or sodium nitrate systems. 
The evidence for the existence of such compounds becomes unequivocal 
when such widely differing properties like viscosity, conductivity and transport 
number yield exactly similar results. Attempts have been made here to 
substantiate these conclusions by thermometric titrations (Dutoit, /. chim. 
phys., 1921, 19, 324). A search demonstrating the existence and composition 
of these complex compounds, on the basis of energy changes, is the subject 
matter of the present communication. 


EXPERIMENTAL 


The thermometric titration arrangement was similar to that described 
by Dutt (this Journal, 1945, 22, 4) and by Haldar (zd7d., 1946, 23, 147). 
The apparatus consists of a silver calorimeter placed inside a wide mouthed 
Dewar flask. The solution to be titrated is taken inside the calorimeter 
the mouth of which is closed by means of a cork provided with three 
bores. Through one bore passes a Beckmann thermometer reading 
to 1/100th of a degree, through the second a hand stirrer and _ through 
the third passes the tip of the burette. The mouth of the Dewar 
vessel is further protected by means of a three-bore asbestos sheet. The 
titre (lead nitrate) is added from the burette to a fixed volume (24 c.c. of 
titrant z.¢. alkali nitrate ) and the changes in temperature are noted on the 
Beckmann thermometerrafter stirring at a constant rate for a definite period. 
The conditions of the experiments for the various titrations are maintained 
as constant as possible. The differences in temperature observed are then 
plotted against the titre in c. c. 
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Fic. 3 
System : NH,NOg-Pb(NO s),—H,0 
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Fic. 4 
System: RbNO,-Pb(NOs)2—H,0. 
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The alkali nitrates and lead nitrate (B. D. H/A R.) used were recrys- 
tallised thrice with distilled water and dried at 120°. Molar solutions of 
these reagents were prepared by direct weighing, and were stored in 
thoroughly cleaned, steamed. glass-stoppered pyrex bottles. 


TaBleE I 


System : LiNO3;-Pb(NOs)e-H2O. 
M-LiNOs soln. (24 c.c.) and M-Pb(NOs3)z2 soln, taken. 


Pb(NO,). Therm. Rise in Total rise Rise in Pb(NO,). Therm. Rise in Total rise Rise in 


added. reading. temp. intemp. temp./c.c. added reading. temp. in temp. temp./c.c. 
Occ. 4220 0.0000 0.0000 0.0000 26cc. 4534 0,015 0.314 0.0075 
2 4.255 0.035 0.035 0.0175 28 4548 0,014 0.328 0 007 
4 4.287 0.032 0.067 0.0160 30 4561 0.013 0.341 0.0065 
6 4.317 0.030 0.097 0.0150 32 4.573 0.012 0.353 0.006 
8 4.345 0.028 0.125 0.0140 34 4584 0.011 0.364 0.0055 
10 4.372 0.027 0.152 0.0135 36 4595 0.011 0.375 0.0055 
12 4.398 0.026 0.178 0.0130 38 4.605 0.010 0.385 0.005 
14 4.422 0.024 0.202 0.0120 40 4615 0.010 0.395 0.005 
16 4.444 0.022 0.224 0.0110 42 4.625 0.010 0.405 0.005 
18 4465 0.021 0.245 0.0105 44 4635 0.010 0.415 0.005 
20 4.485 0.020 0.265 0.0100 46 4645 0.010 0.425 0.005 
22 4.503 0.018 0.283 0.009 48 4.654 0.009 0.434 0.0045 
24 4.519 0.016 0.299 0.008 50 4.663 0.009 0.443 0.0045 
TABLE II 


System : NaNOs3-Pb(NOs3)9-H20O. 
M-NaNO; solution (24 c. c.) and J/-lead nitrate soln. taken. 


Pb(NOg)g Therm. Rise in Total rise Risein Pb(NO ), Therm. Rise in Total rise Rise in 
added. reading. temp. intemp. temp./c.c. added. reading. temp. intemp. temp./c.c. 





Occ. 0.780 0.000 0.000 0.0000 26c.c. 1263 0.025 0.483 0.0125 

2 0.850 0.070 0.070 0.035 28 1.287 0.024 0.507 0.012 

4 0.900 0.050 0.120 0.025 30 1309 0.022 0.529 0.011 

6 0.945 0.045 0.165 0.0225 32 1.329 0.020 0.549 0.010 

8 0.985 0.040 0.205 0.020 34 1347 0.018 0.567 0.009 
10 1.023 0.038 0.243 0.019 36 1.363 0.016 0.583 0.008 
12 1.059 0.036 0.279 0.018 38 1377 0.014 0,597 0.007 
14 1.093 0.034 0.313 0.017 40 1.389 0.012 0.609 0.006 
16 1125 0.032 0.345 0.016 42 1400 0.011 0.620 0.0055 
18 1155 ~=-0.030 0.375 0.015 +4 1410 0.010 0.630 0.005 
20 1.184 0.029 0.404 0.0145 46 1418 0.008 0.638 0.004 
22 1.212 0.028 0.432 0.014 48 1426 0.008 0.646 0.004 
24 1.238 0.026 0.458 0.013 
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TABLE III 


System : KNOs-Pb(NOs3)o-H2O. 
M-KNOs soln. (25 c.c.) and M-Pb(NOs3)o¢ soln. taken. 


OO ae Therm. Rise in Totalrise Risein Pb(NO,). Therm. Rise in Total rise Rise in 
added. d. 


reading. temp. intemp. temp./c.c. adde reading. temp. intemp. temp./c.c. 
0.620 0.000 0.000 0.000 lé6c.c. 1.344 0.030 0.724 0.015 
0.685 0.065 0.065 0.065 18 1.374 0.030 0.754 0.015 
0.750 0.065 0.130 0.065 20 1.404 0.030 0.784 0.015 
0.815 0.063 0.193 0.063 22 1.434 0.030 0.814 0.015 
0.875 0.062 0.255 0.062 24 1.464 0.030 0.844 0.015 
0.940 0.065 0.320 0.065 25 1.484 0.020 0.864 0.020 
1.005 0.065 0.385 0.065 26 1.489 0.005 0.869 0.005 
1.025 0.020 0.405 0.080 28 1500 0.011 0.880 0.005 
1.057 0.032 0.437 0.042 30 1507 0.007 0.887 0.004 
1.097 0.040 0.477 0.040 32 1.514 0.007 0.894 0.004 
1.137 0.040 0.517 0.040 36 1.530 0.016 0.910 0.004 
1.177 0.040 0.557 0.040 40 1545 0015 0.925 0.0037 
1.217 0.040 0.597 0.040 44 1560 0.015 0.940 0.0037 
1.257 0.040 0.637 0.040 48 1574 0.014 0.954 0.0035 
1.289 0.032 0.669 0.064 50 1.582 0008 0.962 0.004 
1.314 0.025 0.694 0.016 

TABLE IV 


System : NHgNOs-Pb(NO;)o-H20O. 
M-NH4NOs3(24 «c.) and M-Pb(NO3)¢ soln. taken. 


Therm. Rise in Total rise Rise in Pb(NO,), Therm. Rise in Total rise Rise in 
reading. temp. intemp. temp.j/cc. added. reading. temp. in temp. temp./c.c. 
1.825 0.0000 0.000 0.000 20c.c. 2.688 0.036 0.863 0.018 
1897 0.072 0.072 0.072 22 2.728 0.040 0.903 0.020 
1.970 0.073 0.145 0,073 23 2.750 0.022 0.925 0.022 
2.044 0.074 0.219 0.074 24 2.780 0030 0.955 0.030 
2.119 0.075 0.294 0.075 26 2.796 0.016 0.971 0.008 


2811 0015 0.986 0.0075 
2.825 0.014 1,000 0.007 
2.838 0.013 1.013 0.0065 
2.850 0.012 1,025 0.006 
2.861 0.011 1.036 0.0055 
2.871 0.010 1,046 0.005 
2.880 0.009 1,055 0.0045 
2.888 0.008 1,063 0.004 
2.895 0.007 1.070 0.0035 
2901 0.006 1.076 0.003 
2.907 0,006 1,082 0.003 


2.196 0.076 0.371 0.077 
2.276 0.080 0.451 0.080 
2.316 0.040 0.491 0.040 
2.358 0.042 0.533 0.042 
2.401 0.043 0.576 0.043 
2445 0.044 0.620 0.044 
2490 0.045 0.665 0.045 
2.550 0.060 0.725 0.060 
2.586 0036 0.761 0.018 
2.618 0.032 0.793 0.016 
2.652 0.034 0.827 0.017 
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TABLE V 


System : RbNOs-Pb(NO3)9-H20O. 
M-RbNQOs soln. (24 c.c.) and M-Pb(NOs)¢ soln. taken. 


Pb(NOs), Therm. Rise in Total rise Risein Pb(NO;), Therm. Rise in Total rise Rise in 
added. reading. temp intemp. temp.jc.c. added. reading. temp. in temp. temp./c.c. 


Occ. 2.482 0.000 0.000 0.0000 Dec. 3.360 0,044 0.878 0.022 
1 2.550 0.068 0.068 0.068 22 3.412 0,052 0.930 0.026 
2 2.620 0,070 0.138 0.070 24 3.476 0.064 0.994 0.032 
3 2.692 0.072 0.210 0.072 26 3.496 0.020 1.014 0.010 
4 2.766 0.074 0.284 0.074 28 3.515 0.019 1.033 0.0095 
~ 2.843 ~ 0.077 0.361 0.077 30 3.533 0,018 1,051 0.009 
6 2.925 0082 0.443 0.082 32 3.550 0.017 1.068 0.0085 
7 2.963 0.038 0.481 0.038 34 3.565 0.015 1.083 0.0075 
8 3.004 0.041 0.522 0.041 36 3.579 0.014 1,097 0.007 
3.347 0.043 0.565 0.043 38 3.592 0.013 1.110 0.0065 
10 3.092 0.045 0.610 0.045 40 3.604 0.012 1,122 0.006 
11 3.140 0.048 0.658 0.048 42 3.615 0.011 1,133 0.0055 
12 3.200 0.060 0.718 0.060 44 3.625 0.010 1.143 0.005 
13 3.220 0.020 0.738 0.020 46 3.634 0.009 1.152 0 0045 
14 3.238 0.018 0.756 0.018 48 3.642 0.008 1.160 0.004 
16 3.276 0.038 0.794 0.019 50 3.649 0.007 1.167 0.0035 
18 3.316 0.040 0.834 0.200 


Tables I-V indicate the details of observations, viz., the rise in 
temperature for each addition, total rise in temperature and rise in temperature 
per c.c (A 7]c. c.), after each addition in c.c. of lead nitrate to a definite volume 
of alkali nitrate. These values are represented graphically in Figures 1-4. 


DISCUSSION 


An examination of the various graphs indicates that smooth curves 
are obtained with LiNOs and NaNOs systems indicating that no compounds 
are produced, while there are three breaks in each of the curves corres- 
ponding respectively to systems containing KNOs, NH4NOs and RbNOs. 
These breaks occur (Figs. 2, 3 and 4) at concentrations at which the 
molecular ratios between lead nitrate and alkali nitrate correspond to the 
formation of three definite complexes of the formulae : 


(2) 4RNO3.Pb(NOs3)o, and (4) 2RNO3.Pb(NOs3)o, (c) RNOs.Pb(NO3)¢ 
where R stands for K,NH, or Rb. 
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These results are brought out more prominently when the differential 


variation of rise in temperature per c. c is plotted against the volume 
lead nitrate added. The differential variation curve indicates values 
different orders of magnitude, which must correspond to different heats 
formation of the compounds. By determining the specific heat of each 


the solutions, the heat of dilution, and water equivalent of calorimeter, 


is possible to calculate the heat of reaction or heat of formation of each 
the compounds. (This is under investigation). 


of 
of 
of 
of 
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Since sending the paper for publication two articles have appeared 
independently confirming our results on the basis of entirely different properties 
(B. K. Narasimhamurthy, Curr. Scz., 1950, 19, 240; V. S. Venkatasubramanian, 


tétd., 1951, 20, 13). 
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THE INTERACTION OF NITROUS ACID WITH THIOCARBAMIDES 
AND AMIDES. CONSTITUTION OF THE SO-CALLED 
FORMAMIDINE DISULPHIDE 


By R. H. SAHASRABUDHEY 

Action of nitrous acid on thiocarbamide has been discussed in the light of its interaction with 
amides, methylamine and ammonia. An examination of the gases evolved during these changes has 
shown that there is no reason to assume a tautomeric change in thiocarbamide. Its behaviour 
towards nitrous acid in weak and strong acid media respectively, is comparable with the oxidation 
of diphenylamine in ‘a neutral and strongly acidic medium. This affords some indirect evidence 
for a non-disulphide constitution for “formamidine disulphide”. 

It has been suggested in another communication (to be published later) that 
‘formamidine disulphide’, which can he most easily obtained by the oxidation 
of thiocarbamide by a variety of oxidising agents including nitrous acid, 
may not have a truly disulphide constitution (cf. this Journal, 1945, 22, 37). 
Since Werner and Krall (7 Chem. Soc. 1912, 101, 2180; 1917, 111, 863; 
this Journal, 1935, 12, 640; 1937, 14, 478; 1938, 15, 217) have extensively 
used nitrous acid as a reagent in their studies supporting tautomerism of 
thiocarbamides, and therefore indirectly also the formation of disulphides 
from them, a re-examination of the rationale of their procedure appeared of 
interest. The reagent has been used on the assumptions: (7) nitrous acid 
reacts quantitatively with an amino group evolving nitrogen and (77) if any 
alteration in the experimental conditions (usually xu) alters the amount of 
nitrogen evolved, this may be taken both as an indication and measure of 
the tautomerism of the substance under examination. In weak acid medium, 
like dilute acetic acid, the structure of thiocarbamides, according to these 
authors, is truly carbamidic, therefore, they liberate nitrogen by the action 
of nitrous acid on their amino groups; in a strong acid medium the -NH, 
groups change over intomNH due to tautomerism and so no nitrogen is 
evolved under this condition. Plimmer, on the other hand, working with 
a number of amides showed (/. Chem. Soc., 1925, 2651) that they unlike the 
thiocarbamides did not evolve nitrogen in a weak acid medium like the acetic 
acid, but in a mineral acid medium readily gave this gas. Yet, this author also 
from: his investigations concluded tautomerism in the amides. Krall (this 
Journal, 1939, 16, 9), who studied the decomposition of ammonium nitrite 
under precisely the same conditions in which the action of nitrous acid on 
thiocarbamides had been investigated, obtained results very much similar to’ 
those with the latter. Results of the present author’s experiments (vide infra, 
Table I) with methylamine, ammonium} chloride and acetate, thiocarbamide 
and its ethyl and; phenyl homologues, clearly indicate that notwithstanding the 
wide variety of compounds selected, there is a distinct evenness in these 
results. Evidently, tautomerism cannot be the chief determinant of this 
phenomenon. 
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TABLE I 
No. Name of the Acetic acid medium Hydrochloric acid medium. Duration 
compound. Total %N,. %NO. Total %GNe. % NO, of expt. 
gas. gas. 
1 Me.NH,,HCl1 18.25¢.c. 80.1 19.9 14.74c.c. 3.3 96.7 24 hrs, 
2 Do 18.3 78.3 21.7 14.68 3.3 96.7 ” 
3 NdH,Cl 14.4 29.0 71.0 « 
4 NH,Ac 11.56 77.7 22.3 
5 H,N.CS.NH, 222 914 8.6 22.2 12.0 88.0 } 
6 PhNH.CS.NH, 22.3 75.9 24.1 22.2 9.5 90.5 ss 
7 EtNH.CS.NH., 22.4 74.5 24.5 3.0 97.0 ” 


* All these experiments were carried out with milligram molar proportions of the reactant 
in1:1lratio. The technique was essentially the same as followed by Werner and Krall et al. 
(loe. cit.). 

Investigations with methylamine and ammonium chloride have clearly 
indicated (this /Journal, 1950, 27, 515) that the rate of the reaction 
between the amino group and nitrous acid is largely controlled by the acidity 
of the medium. It was then pointed out that the differential behaviour of 
thiocarbamides (and amides in general) towards nitrous acid in weak and 
strong acid media respectively, might be, as with amines, due to greater 
or less susceptibility (which varied with the acidity of the medium) of the 
amino group to react and not tautomerism. Results in Table I only further 
substantiate this view. 
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Coade and Werner (/. Chem. Soc. 1913, 113, 1221) investigated the 
influence of fa onthe interaction of nitrous acid and thiocarbamide over a 
wide range. These authors used a variety of acids to vary the acidity of 
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the medium. The great regularity evinced in their work in the dependence 
of nitrogen evolution on the dissociation constants of the acids, itself supports 
the view now put forth. If the phenomenon involved were of tautomerism, 
such regularity witha variety of acids could not be expected, except perhaps, 
as coincidence. Similarity in curves 1 and 2 in Fig. 1 depicting the results of 
of Coade and Werner and those of the present author with thiocarbamide and 
methylamine respectively, further indicates that the mechanism of both these 
changes is most probably identical. 

From these facts it is clear that Werner's original assumptions (vzdc 
supra), though not wholly untenable, need modification. It appears that the 
differential behaviour of thiocarbamide and amides in general, towards nitrous 
acid in weak and strong acid media respectively might be (7) as with amines, 
due to the greater or less susceptibility (which varied with the acidity of 
the medium and consequent salt formation) of the amino group to react and 
(22) constitutional factors not necessarily tautomersim. That thiocarbamide, 
methylamine and ammonium chloride interact more or less similarly with 
nitrous acid is well indicated by the investigations reported already (doc. czi.). 


The interaction of thiocarbamide and nitrous acid has been known to 
proceed under the two conditions : 

In a weak acid medium 
(2) HeN.CS.NHe+HNO, —> HCNS+N_,+2H,0 ; 

In a strong medium 


Acid 
(77) H2N.C.NH2—~HN:C.NH, —>[H.N.C(:NH)S.S(HN: )C.NHo],2HX 
li —— | +2HX 
S SH +2 NO 

There is no reasonable doubt about the quantitative aspect of these 
changes, but the question is whether or not in (77) a tautomeric change precedes 
oxidation and the product obtained is a disulphide? The same oxidation 
product, viz. the “formamidine disulphide”, has been shown to be formed in an 
indifferent solvent medium (this /ourna/, 1950, 27, 431: also in a paper on the 
interaction of bromine with thiocarbamide, communicated) and in a pure 
aqueous medium; there is no reason therefore to assume (Werner, Joc. ci¢.) 
that a strong acid brings about the tautomeric change. Further, thiocarbamide 
has two -NHg groups and if by tautomerism, assuming this to be prevalent, one 
of them changes over to: NH, the other -NHg should still react with nitrous 
acid to give nitrogen, which it does not. Then thiocarbamide does not also 
give a N-nitroso derivative which it ought to if it had a: NH under any of the 
above conditions. These facts further support the view now put forth that it 
is the capacity of the -NHg group to react with nitrous acid that determines the 
course of the reaction. 

It appears to the author that in the change (77), outlined above, the NHg 
groups or their hydrogens do not partake at all, but the reaction takes place at 
the thiocarbonyl sulphur atom (not the tautomerigenic thiol) resulting in the 











122 R,. H. SAHASRABUDHEY 


abstraction of an electron from the molecule as a whole and forming 
‘“formamidine disulphide” which has been suggested to have the constitution 
(H,N.CS.NH2)-X and not the one hitherto assigned to it. The reaction 
recalls the behaviour of diphenylamine which can be oxidised in two ways 
(Sidgwick, Taylor and Baker, ‘Organic Chemistry of Nitrogen’, Oxford University 
Press, Reprint, 1942, p. 62), at the imino group in neutral solution and at the 
p-carbon atom in a strongly acid solution. Thus: 





Ph wererven 9 Ph Ph 
” 2 NH arn adi me 
. Oxidation —. © ine ® igi 
W2C NHK D-CA DC DNC D 


In neutral or weakly acidic media the imino or the amino groups of these 
compounds (viz. diphenylamine and thiocarbamide) are in a feebly charged 
condition only owing to the inherent attraction exerted on the electrons by the 
phenyl or the thiocarbonyl groups. In a strongly acid medium, this tendency 
is both complemented and completed resulting in the fixation of a positive 
charge on the imino or the amino groups. This, however, at the same time 
results in an increased concentration of electrons at the f-carbon atom or 
sulphur, thereby shifting the reactivity from the amino group to sulphur or the 
p-carbon atom. The loss of the reactivity of the ® ive NHe ions may also be 
due to decreased possibilities of co-ordination at the nitrogen since it has already 
co-ordinated a proton. 


| The author wishes to express his sincere thanks to Prof. H. Krall for his 
interest and to Principal S.S. Joshi and Prof. P. S. Varma for the facilities. 
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A COMPARATIVE STUDY OF THE EQUATIONS OF HUCKEL 
AND SMOLUCHOWSKI CONNECTING ELECTROKINETIC 
POTENTIAL WITH THE CATAPHORETIC AND 
ELECTRO-ENDOSMOTIC VELOCITIES 


By B. N. GHOSH AND R. N. RoycHOWDHURY 


The electrokinetic potential of the particles of suspensions of hydrogen mica, sodium mica 
and sodium bentonite has been measured at the same concentration of electrolytes both by 
the cataphoretic and the electro-endosmotic methods. Calculated from the experimental data 
by using Smoluchowski’s equation, the values of the electrokinetic potential measured by the 
" endosmotic method agree well with those measured by the cataphoretic method. It is therefore 
concluded that for the suspensions studied , Smoluchowski's equation is in better agreement with 
facts than Hiickel’s equation. 


The electrokinetic potential plays a very important role in colloidal 
behaviour. The cataphoretic and the electro-osmotic methods are very 
commonly used for its measurement. Based on the theories of double layer of 
Helmholtz and Lamb, Smoluchowski deduced the following equations connecting 
the electrokinetic potential £ with the cataphoretic velocity v of the colloidal 


particles or the electro-osmotic velocity u of the dispersion medium flowing 
through a diaphragm made of the colloidal particles : 
tp =47™ (for electro-osmosis 
aly y ( ) 


to= “" (for cataphores s) 


In the equations / represents the dielectric constant and 7», the viscosity 
of the liquid, and £, the applied potential gradient. 


Debye and Hiickel (Physzkal. 7. 1924, 25,49) have suggested that the 
cataphoretic mobility depends on the shape of the particles involved. For 
0 cylindrical particles and also for electro-osmotic flow through a capillary tube, 
Smoluchowski’s formulae have been accepted by them as correct, but for the 
the cataphoresis of spherical particles Hiickel (zdzd., 1924, 25, 204) has 
deduced a formula in which 47 in Smoluchowski’s equation has been replaced 
by 67. A controversy has thus arisen as to which of these formulae represents 
facts correctly. According to Henry (Proc. Roy. Soc., 1931, A, 133, 106) 
the equation of Smoluchowski should hold good for particles whose radius is 
not less than 300 times the thickness of the double layer, while for very small 
particles of radius about 0.5 of the thickness of the double layer, Hiickel’s 
equation should hold good. Hermans (P*frl. Mag., 1938, 26, 659) has laid 
stress on the fact that in an electric field the relative motion of the particle 
and the liquid destroys the spherical symmetry of the ionic atmosphere and 
produces the so-called relaxation effect. From a detailed mathematical 
analysis Hermans (7vans. Faraday Soc., 1940, 35, 133) has concluded that 
3 
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if Ka) 1, the ions in the double layer of the particle succeed in keeping pace 
with it in the electric field and the influence of the relaxation effect is small, 
being negligible at still higher values of Ka, where 1/X represents thickness of 
the double layer and a, the radius of the particle. 


It has also been suggested by Bikerman ( /. chim. phys., 1935, 32, 285) 
that the Smoluchowski equation does not enable us to calculate the true 
values of electrokinetic potential owing to the existence of surface conduction. 
This effect, according to Overbeek and Wijga (Rec. trav. chim., 1946, 65, 556) 
becomes negligible at a concentration of the order of 2x10 -*N of electrolytes 
such as KNOs. 


It thus appears that most of the factors complicating the measurement 
of electrokinetic potential will be almost eliminated if one works with 
suspensions consisting of particles of fairly large size and with a relatively high 
concentration of the added electrolytes. 


In this connection a considerable amount of work has already been done 
by Van der Grinten (/. chim. phys., 1926, 23, 239), Bull and Gortner ( /. Phys. 
Chem., 1932, 36. 111), Moyer and Abramson (/. Gen. Phystol., 1936, 19, 727), 
Daniel (zdz¢d., 1932, 16, 457), Dummet and Bowden (Proc. Roy. Soc., 1933, A, 
142, 382), Henry (doc. czt.), White, Monaghan and Urban (/. Phys. Chem., 1935, 
39, 611), White and Monaghan (zéz¢., 1935, 39, 925), White and Fourt (zézd., 
1938, 42,29) and Ghosh and Roy (this /ourna/, 1939, 16, 634). The results 
obtained by these authors are mutually contradictory, some supporting 
Smoluchowski's equation, while others supporting Hiickel’s equation. All the 
workers with the exception of Ghosh and Roy (Joc. cit.) and Van der Grinten 
(loc. cet.) used wax or protein to coat the surfaces of the micro-cataphoretic 
cell and of the particles, assuming that such coatings render the surface 
identical. In view of the fact that this assumption may not always hold good, we 
have used the particles of the same suspension without any coating to measure 
“and v in presence of known concentrations of electrolytes. The particles 
used were fairly large in size and the concentration of the added electrolyte 
was not lower than 1x10-‘N. The results obtained by using hydrogen 
mica, sodium mica and sodium bentonite systems are recorded in Tables 


[, II and III. 


EXPERIMENTAL 


Preparation of Sodium Bentonite——Crude bentonite (from Kashmir) 
was shaken with M/2-NaOH solution, allowed to settle for 8 hours in a tall 
jar,and 10 cm. from its upper portion was siphoned off. The process was 
repeated several times and thus clay particles of size 2x 10~° cm. and lower 
were separated from still larger particles. The clay suspension was acidified 
with hydrochloric acid and the preicpitate washed repeatedly with dilute HCl 
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solution to ensure complete replacement of Na* by H*. The acid bentonite 
was washed several times with distilled water by decantation and then treated 
with hydrogen peroxide to oxidise the organic matter it contained. The 
excess of H2O. was removed by gentle heating and the precipitate was 
subjected to electrodialysis till the electric current became very low and 
constant. The electrodialysed material was then suspended in conductivity 
water in a Jena glass bottle and its bentonite content estimated. The base- 
exchange capacity of the suspension was determined by the barium acetate 
method and the requisite quantity of NaOH was added to convert the hydrogen 
bentonite into sodium bentonite. The suspension was then diluted with 
conductivity water to a bentonite content of 1%. The suspension was kept in 
a well stoppered Jena glass bottle. 


Preparation of Hydrogen Mica and Sodium Mica.—Sheet mica (Muscovite) 
was cut into small pieces, ground in an electric machine to a fine powder 
and suspended in water ina tall jar. The particles of the size of 2x10~° cm. 
or lower were separated as in the case of bentonite. The material after 
treatment first with HCI and then with H2O,2 was subjected to electrodialysis. 
The base-exchange capacity of the hydrogen mica thus obtained was determined 
and by adding the calculated quantity of NaOH to a given quantity of the 
hydrogen mica, it was converted into sodium mica. The hydrogen mica and 
the sodium mica suspensions were then stored separately in well stoppered 
Jena bottles. 


Cataphorectic and Electro-endosmotic Measurements 


The cataphoretic velocity of the suspended particles was determined 
by using a flat rectangular micro-cataphoretic cell of the same type as was used 
by Freundlich and Abramson (Z. physikal. Chem., 1927, 128, 25). The velocity 
of the particles was usually determined at 0.21/d (d represents the depth of the 
cell) from the lower surface of the top plate and frequently checked by 
comparison with the value calculated from measurements of velocities at a/2 
and d/6, using the equation, 

V = (30, +422) 
where v7; and vg represent the observed velocities at a/6 and d/2 respectively. 
The micro-cataphoretic cell was always filled with a mixture consisting of the 
desired electrolyte and the suspension mixed in equal proportion by volume. 
The other experimental details were the same as described ina previous paper 
by Ghosh and Roy (/oc. cz?.). 


In the electro-endosmotic measurements the arrangement used was the 
same as described in the previous paper by Ghosh and Roy (We. ct). The 
suspension and the electrolyte were mixed in equal proportion by volume and 
the mixture centrifuged for a while. The supernatant solution was carefully 
poured into a beaker and the precipitate with a little of the supernatant 
solution was transferred to the U-tube. The U-tube was then put in a bag 
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and centrifuged for a definite period of time to form the diaphragm. The rest 
of the procedure was the same as described in a previous paper by Ghosh and 
Roy (loc. ctt.). The values of electrokinetic potential recorded in the following 
tables have been calculated by using Smoluchowski's equation and taking D=-3O 


and 7=0.00839. 


Normality of the 
electrolyte in the 
suspension. 


0.001 NaCl 
0.0013 NaNO, 
0.003 Na,SO, 
0.0002 BaCl, 
0.0001 Th(NOs;), 


0.075 KCl 
0.0025 BaCl, 
0.00113 Th(NO,), 


0.0188 KCI 
0.0055 BaCl, 
0.00225 AICI, 
0.0025 T(NOs), 


Normality of the 
electrolyte in the 
suspension. 


0.001 NaCl 
0.0013 NaNO, 
0.003 NagSO, 
0.0002 BaCl, 
0.0001 Th(NO;), 


0.075 KCI 
0.0025 BaCl, 
0.00113 Th(NO3), 


0.0188 KCl 

0.0055 BaCl, 
0.00225 AICI, 
0.0025 Th(NO3;), 


TABLE I 


Electro-endosmotic measurements. 


Sp. conduc. Current (7). 


Electro-endos- 
motic velocity. 


Hydrogen mica. 


0.000112 mhos 0.000265 amp. 0.000419 (c.c./sec) 
0.000145 0 000314 0.000437 
0.000302 0.000624 0.000438 
0.0000576 0.0000605 0.000097 
0.0000384 0.00009 0,000264 
Sodium mica. 
0.01013 0.017 0.000389 
0.000382 0.0035 0.002044 
0.000209 0.001 0.00038 
Sodium bentonite. 
0.00262 0.017 0.0012 
0.000616 0.00342 0.000957 
0.000302 0.000603 0.000459 
0.000353 0.0008 0.000481 
TABLE II 
Cataphoretic measurements. 
Sp. conduc. Current (7) Velocity 
(cm./volt./per 
Hydrogen mica. sec. x 10°5.) 
0.000112 mho 0.000049 amp. 20.0 
0.000145 0.000062 21.0 
0.000302 0.00012 20.6 
0.0000576 0.000029 9.6 
0.0000384 0.0000183 10.6 
Sodium mica. 
0.01013 0.01 25.3 
0.000382 0.00049 24.8 
0.000209 0.00175 9.0 
Sodium bentonite. 
0.00262 0.00113 18.4 
0.000616 0.000383 16.8 
0.000302 0.000125 23.3 
0.000353 0.00013 22.2 


0.021 volt 
0.024 
0.025 
0.011 
0.013 


0.027 
0.026 
0.010 


0.022 
0.021 
0.027 
0.025 


ER- 


0.024 volt 
0.025 
0.024 
0.011 
0.013 


0.030 
0.029 
0.011 


0.022 
0.020 
0.028 
0.026 

















COMPARATIVE STUDY OF THE EQUATIONS OF HiCKEL ETC. 


TABLE III 
Yen on = eK. Ec. awe & 
suspension. éc/én. 
Hydrogen mica suspension. 
0.001 NaCl 0.021 volt 0.024 volt 1.14 
0.0013 NaNO; 0.024 0.025 04 
0.003 Na,SO, 0.025 0.024 0.96 
0.0002 BaCl.., 0.011 0.011 1.00 
0.0001 Th(NO3), 0.013 0.013 1.00 
Sodium mica suspension. 
0.075 KCl 0.027 0.030 1.11 
0.0025 BaCl, 0.026 0.029 1.12 
0.00113 Th(NO;), 0.010 0.011 1.10 
Sodium bentonite suspension. 
0.0188 KCl 0.022 0.022 1.00 
0.0055 BaCl, 0.021 0.020 0.95 
0.00225 AICI, 0.027 0.028 1.04 
0.0025 Th(NO3), 0.025 0.026 1.04 
Average 1.04 


It will be noticed from the data recorded in Tables I and II that for the 
three suspensions, sodium bentonite, hydrogen mica and sodium mica, suitable 
concentrations of different electrolytes have been ascertained at which the 
electrokinetic potential of the particles could be measured by both the electro- 
endosmotic and the cataphoretic methods. The values of ‘£ and éc calculated 
from the experimental data by using Smoluchowski's equation have been 
recorded in Table III. It will be evident from this table that they agree well 
with each other for any given suspension at the same concentration of a 
particular electrolyte. The ratio of §c/f® does not differ much from unity 
and average of all the values is 1.04. These results therefore justify our drawing 
the conclusion that for the three suspensions mentioned above, Smoluchowski's 
equation is in better agreement with the observed facts than Hiickel’s equation. 
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DISTRIBUTION OF SPARINGLY SOLUBLE SALTS IN PERIODIC 
STRUCTURES 


By A. C. CHATTERJI AND M. C. Rasroci 


Six , different types of banded structures were analysed and the amount of sparingly 
soluble salt per g. of gel present in rings was found many times more than present in clear 
spaces. But in case of AgCland AglI bands in the otherwise continued deposits the quantities 
present were almost the same. 


Dhar and Chatterji (Kollotd Z, 1922, 31, 15; 1925,37,2, 89; 7. Phys. 
Chem., 1924, 28, 41) pointed out the existence of two types of Liesegang rings. 
In one, rings are separated by clear spaces. This type was the one described 
by Liesegang himself. The other type consists of continuous precipitate in 
which bands occur. 


Analytical investigations of bands and clear spaces were first undertaken by 
Popp (reported by Wo. Ostwald, Kollotd Z., 1925, 36, 380), Fricke and 
Suwelack (7. phystkal. Chem., 1926, 124, 359) and Hedges and Henly 
(7. Chem. Soc., 1928, 2174). Results obtained by Popp and Hedges 
and Henly were quite contradictory. The divergence was explained on the 
ground that probably the determinations reported by Ostwald were on new- 
born rings, while that of Hedges and Henly were on completed structure after a 
week. It therefore appears that the problem requires further investigations. 
In the present work the amount of sparingly soluble salt per gram of gel in the 
two types has been determined. 


ExPERIMENTAL 


D. G. H. Eagle brand gelatin was used and it was purified by the method 
of Loeb (7. Gen. Phystol., 1918, 1, 235) to give ash-free gelatin. Bacto agar-agar 
from Defco Laboratories was used after thoroughly washing and purifying. 
5%Gelatin and 1% agar-agar gel were used. Glass tubes of uniform bore were 
taken into pieces of 8’ in length and 5/8” in diameter, cleaned thoroughly, dried 
and corked at one end. Gelatin or agar-agar containing 1% of CuSO4, ZnCle, 
AgNOs, Pb(NO;) , distributed evenly, was allowed to set in them and 30, 20 and 
10% of the diffusing electrolytes were poured in the respective tubes. The 
rings were analysed after two weeks. The device for removing the gel from 
the tube was the same as that of Hedges and Henly (Joc. czt.). In order to 
ascertain the interference due to the presence of gelatin or agar-agar in the 
estimations of sparingly soluble salts present in the gel, known quantities of 
PbI, were taken and uniformly distributed in agar-agar and gelatin and then 
estimated. The results are given below : 

Wt. of PbSO, after the oxidation of gel with HNO; —0.0688 g. 


Wt. of PbSO, theoretically = 0.0682 g. 
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of rings of both types are given below. 
Type 1: Rings separated by Clear Spaces 
TABLE I 
Pbl,. rings in agar-agar. 
Distribution of Pb as PbSO, in rings and clear spaces. 


No. Ring or Wt. of ring Wt. of Wt. per g. 
space. or space. PbSO,. 
] Ring 03116 g. 0.0074 g 0.02268 
2 Ring 0.1112 0.0044 0.03957 
3 Ring 0.1286 0.0062 0.04820 
4 Clear space 0.2520 0.0014 0.00555 
5 Clear space 0.1444 0,0008 0.00554 
TABLE II 


Pb(IO3) 9 rings im gelatin. 
Distribution of Pb as PbSO, in rings and clear spaces. 


No. Ring or Wt. of ring Wt. of PbSO,. We. per g. 
space. or space. 

1 Ring 0.1314 g. 0.0022 g. 0.01670 

2 Ring 0.0942 0.0030 0.0311 

3 Ring 0.0976 0.0040 0.0410 

4 Clear space 0.2599 0.0018 0.0069 

5 Clear space 0.2778 0.0020 0.0071 


TABLE III 
Copper arsenate rings tn gelatin. 


No. Ring or We. of ring Vol. of sodium Vol. of sodium 
space. or space. thiosulphate. thiosulphate 

per g. of gel. 

1 Ring 0.5840 g. 5.25 c.c. 8.99 c.c. 

2 Ring 0.4422 7.69 7.68 

3 Ring 0.3448 2.40 6.95 

4 Clear space 0.9914 0.10 0.10 

5 Clear space 1.6196 0.15 0.09 

TABLE [V 


Zinc sulphite rings in gelatin. 
Distribution of Zn as zinc ammonium phosphate. 





No Ring or space. Wt. of ring Wt. of zinc Wt. of zinc 
or space. ammonium amm. phos. 
phosphate. per g. of gel. 
l Ring 0.2250 g, 0.0136 g. 0.06043 g. 
2 Ring 0.2294 0.0184 0.08221 
3 Clear space 0.3982 0.0232 0. 00962 


The result shows that the gel does not interfere in analysis. Hence in all 
the experiments the gel was oxidised with HNO;. The results of the analysis 


Distribution of copper in rings and clear spaces estimated volumetrically. 
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Relative amt. 
per g. of gel. 
4.08 
7.00 
8.70 
1.00 
1,00 


Relative amt. 
per g. of gel. 
2.40 
4.50 
5.90 
1.00 
1.03 


Relative amt. 
per g. of gel. 


89.9 
76.9 
69.5 
1.1 
1.0 


Relative amt. 
per g. of gel. 


6.504 
8.636 
1,000 
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Type ll: 


No. Band. Wt. of band. We. of AgCl. Wt. of AgCl Relative amt. 
per g. of gel. per g. of gel. 

1 Grey 0.3430 g. 0.0024 g. 0.0070 g. 12 

2 Black 0.3544 0.0024 0.0067 11 

3 Grey 0.3508 0.0023 0.0068 1.15 

4 Black 0.3834 0.0022 0.0059 1.00 

TABLE VI 
Silver todide bands tn agar-agar. 
Distribution of Ag as silver iodide in bands. 

No. Band. Wt. of band, Wt. of Agl Wt. of Agl Relative amt, 
per g, of gel. per g. of gel. 

1 Yellowish white 0.3264 g. 0.0014 g. 0.0046 g. 1.00 

2 Grey 0.3128 0.0016 0.0051 1.10 

3 Yellowish white 0.3248 0.0015 0.0047 1.08 

4 Grey 0.3532 0.0018 0.0050 1.08 


TABLE V 


Silver chloride bands in gelatin. 
Distribution of Ag as silver chloride in bands. 





Continuous Precipitate showing Banded Structures. 





DISCUSSION 


As already pointed out, Dhar and Chatterji (/oc. c7?.) have given two classes 
of periodic structures, in one class, a layer of precipitate is followed by a clear 
zone and in other class, a coagulated sol is followed by a zone of peptised sol. 
They are of the opinion that in the first class are the substances capable of 
adsorbing their own sol, while in the second class are the substances which do 
not adsorb their own sol. Hence, it may be argued that the quantity of the 
sparingly soluble salt per gram of the gel in both bands of second type of 
structures will almost be the same, whereas in the first class of rings, the 
distribution will be uneven. From the results obtained in case of rings of Pblo, 
Pb(IOs)o, Cus(AsO,)2 and ZnSOs, which belong to the rings of the first type, 
the amount of the sparingly soluble precipitate per gram of gel in rings vary 
widely from those in the clear spaces ; while in case of AgCl and AglI structures 
the quantity of the sparingly soluble precipitate in both bands is almost the 
same. Thus, the results obtained support the view put forward by Dhar and 
Chatterji. The above conclusions are supported by experiments on the adsorption 
of the constituent ions and sol of many sparingly soluble salts by their precipitates. 

The detailed results of the adsorption experiments will be published later. 


CHEMICAL LABORATORIES, 
Lucknow University, Lucknow. 


Received August 23, 1950. 
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CHARGE AND STABILITY OF COLLOIDS. PART XV. 
EFFECT OF NON-ELECTROLYTES 


By A. C, CHaTrerjt anp H. R. Lopua 


The effect of several non-electrolytes on the stability of AseS3 sol has been studied. 


In previous communications (this /ourna/, 1943, 20, 109; 1949, 26, 73) 
the effect of non-electfolytes such as methyl alcohol, ethyl alcohol, agar-agar, 
gelatin, glycol, acetone, etc. was studied with a view to finding out the 
variation in the coagulation concentration and the adsorption of oppositely 
charged ions by the colloidal particles of As2S3 sol by their addition. 

In the present paper the work has been extended to several other 
non-electrolytes, namely, 2-amyl alcohol, zscamyl alcohol, ethylmethyl ketone, 
diethyl ketone, paraldehyde, acetoacetic ester, methyl acetate and ethyl acetate 
in order to find out their effect on the stability of AsSz sol. 

EXPERIMENTAL 

The experimental procedure followed here is the same as given in part I 

(Joc. ctt.). The results obtained are given in Tables I to IX. 


TABLE IA TABLE Ip 
Conc. of sol = 10.36g,/litre. Sol Conc. of sol= 11.40g,/litre. Sol. 
taken=5 c.c. Total vol.=10 c.c. Time taken =5 c.c. Total vol.—10 c.c. Time 
of coagulation = 1 hour. of coagulation = 1 hour. 
Diethyl ketone Coagulation conc Ethylmethyl Coagulation conc. 
(4%) added. of N/20-BaCl,. ketone (4%) added. of .V/20-BaCl.,. 
0.0 c.c. 0.3 cc 0.0 c.c. 0.3 c.c. 
0.5 0.35 0.5 0.35 
1.0 0.4 1.0 0.4 
15 0.45 2.0 0.45 
2.0 05 2.5 0.5 


From the above table a stabilisation is observed with diethyl ketone and 
ethylmethyl ketone. 

In the following table the adsorption of oppositely charged ions 
by the particles of As2S3 sol, whenthe above mentioned non-electrolytes 
are added in varying concentrations, are given. 

TABLE II 

Vartation in the adsorption of Ba tons by the particles of AsoSs sol, when 

diethyl ketone (4/,) added tn increasing conc. 

Conc. of sol= 10.36 g/litre. Radius of particles = 44” (by extrapolation). Sol 
taken=200 cc. Total vol.—400cc. No. of particles in the sol taken= 


1.634 x 10'*. 
Nature of sol. N/20-BaCl., Adsorption of Ba ions Charge 
added. Total. Physical. Chemical. e.s.u.105. 

Sol + water 12.0 c.c. 0.0570 g. 0.0374 0.0196 6.948 
Sol + 26 c.c. ketone + water 14.0 0.0598 0.0398 0.0200 7.090 
Sol + 50 c.c. sie ,, 16.0 0.0726 0.0454 0.0272 9.642 
Sol +75 c.c. ee a 18.0 0.0743 0.0479 0.0264 8.359 
Sol + 100 c.c. —< wy 200 0.0747 0.0463 0.0284 10.070 


4 
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TABLE III 
Variation of adsorption of Ba tons by the particles of AsoSs sol, when 
n-amyl alcohol (2%) added im increasing conc. 


Conc. of sol=23.16 g,/litre. Radius of particles=5lus« (by extrapolation). 
Sol taken=200c.c. Total vol.=400c.c. No. of particles in the sol taken= 


2.391 x 1018, 
Nature of sol. N/20-BaCl. Adsorption of Ba ions. Charge 
added. Total. Physical. Chemical. e.s.u. x 10°. 
Sol + water 12.0 c.c. 0.0490 g. 0.0352 0.0138 2.430 
Sol +20 c.c. alcohol + water 12.8 0.0497 0.0357 0.0140 2.450 
Sol+cc. . + , 14.0 0.0590 0.0414 0.0176 3.090 
Sol +80 c.c. = 16.0 0.0742 0.0498 0.0244 4.250 
Sol+120cc. . + ,, 18.0 0.0787 0.0547 0.0240 4.250 
TABLE IV 


Variation of adsorption of Ba toms by the particles of AseSs sol, when 
methylethyl ketone (4%) added in increasing conc. 

Conc. of sol.=11.40 g/litre. Radius of particles =45.5¢ (by extrapolation). 

Sol taken=200 cc. Total vol.—400c.c. No. of particles in sol taken= 


1.733 x 1018, 
Nature of sol. N/20-BaCl, Adsorption of Ba ions. Charge 
added. Total. Physical. Chemical. e.s. u.x 10°. 
Sol + water 12.0 c.c. 0.0526 0.0362 0.0164 3.894 
Sol + 20 c.c. ketone + water 14.0 0.0546 0.0354 00192 4.559 
Sol+40 ,, oe, 16.0 0.0534 0.0338 0.0196 4.654 
Sol+80 , . + . 18.0 0.0543 0.0311 0.0232 5.509 
Sol + 120 ,, a= = 20.0 0.0563 0.0343 0.0220 5.224 
TABLE V 


Variation in the adsorption of Ba tons by the particles of AsoSg3 sol, when 
isoamyl alcohol (2%) added tn increasing conc. 


Conc. of sol=18.44 g/litre. Radius of particles= 484 (by extrapolation). 
Sol taken=200 c.c. Total vol.=400 c.c. No of particles in the sol taken= 


2.242 x 10'§. 
Nature of sol. N/20-BaCl, Adsorption of Ba ions. Charge 
added. Total. Physical. Chemical. e.s.u.x 105. 
Sol + water 12.0 c.c. 0.0594 0.0222 0.0372 6.9850 
Sol +25 c.c. alcohol + water 14.0 0.0642 0.0262 0.0380 6.4960 
Sol + 50 Uk ae 16.0 0.0722 0.0378 0.0344 6.4960 
Sol +75 Stl 4 17.0 0.0810 0.0390 0.0420 7.6835 


Sol + 100 oe * w 18.0 0.0763 0.0361 0.0400 7.£438 
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TABLE VI 


Variation in the adsorption of Ba tons by the particles of As2Sg sol, 
when paraaldehyde added in increasing conc. 
Conc. of sol= 18.56 g/litre. Radius of particles = 48uu (by extrapolatian). Sol 


taken=200 c.c. Total vol.~400 cc. No. of particles in the sol taken= 
2.25 x 108. 


Nature of sol. N/20-BaCl, Adsorption of Ba ions. Charge _ 
added. Total. Physical. Chemical. e. s. u. x 10°, 
Sol. + water 120c.c.  0.,0562¢. 0.0366 0.0196 3.789 
Sol + 12 c.c. aldehyde + water 18.0 0.0515 0.0403 0.0112 2.150 
Sol + 20 ain, ao 20.0 0.0467 0.0365 0.0102 2.100 
Sol +32 ~. - 26.0 0.0484 0 0344 0.0140 2.500 
Sol + 40 a: . o 28.0 0.0492 0.0356 0,0136 2.500 


TABLE VII 


Variation of adsorption of Ba toms by the particles of AsoSs3 sol, when 
acetoacettc ester (4%) added tn increasing conc. 
Conc. of the sol—14.96g/litre. Radius of the particles=45¥e. (by 
extrapolation). Sol taken=200 c.c. Total vol.~400 c.c. No. of particles in the 
sol taken=2.2 x 10'*. 


Nature of sol. N/20-BaCl, Adsorption of Ba ions Charge 
added. Total. Physical. Chemical. e. s. u. x 105. 
Sol + water. 10.0 c.c. 0.0358 0.0226 0.0132 2.526 
Sol +40 c.c. ester + water 12.0 0.0490 0.0306 0.0184 3.494 
Sol +60 nos de 14.0 0.0590 0.0430 0.0160 3.157 
Sol + 100 —_— 2 16.0 0.0522 0.0370 0.0152 2.947 


TABLE VIII 


Variation wn the adsorption of Ba tons by the particles of AsoSs 
sol, when ethyl acetate (6%) added im increasing conc. 
Conc. of sol=14.96 g/litre. Radius of particles—45uz (by extrapolation). 


Sol taken=200c.c. Total vol.—400 c.c. No. of particles in the sol taken= 
1.208 x 10'8, 


Nature of sol. N/20-BaCl Adsorption of Ba ions Charge 
added. Total. Physical. Chemical. e. s. u. x 10°, 

Sol + watar 10.0 c.c. 0.0578 0.0410 0.0168 5.890 

Sol + 60 c.c. acetate + water 12.0 0.0626 0 0434 0.0192 6.736 

Sol + 80 Me 14.0 0.0618 0.0410 0.0208 7,150 

Sol + 100 ee te 16.0 0.0558 0.0354 0.0204 7.150 


Sol + 120 eo F & 18.0 0.0592 0.0378 0.0214 7.180 
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TABLE IX 
Vartation in the adsorption of Ba tons by the particles of As»Sx3 sol, -vhen 
methyl acetate (6%) added in increasing conc. 
Conc. of sol= 20.32 g./litre. Radius of particles=49us. Sol taken = 200 c.c. 
Total vol.=400 c.c. No of particles taken=1.322x10!*. 


Nature of sol. N/20-BaCl, Adsorption of Ba ions. Charge 
added. Total. Physical. Chemical. e.s. u.x 10°. 
Sol + water 10.0 c.c. 0.0502 0.0350 0.0152 5.050 
Sol +20 c.c. acetate + water 12.0 0.0586 0.0394 0.0192 5.894 
Sol + 40 ao = 14.0 0.0592 0.0396 0.0196 5.890 
Sol + 80 a”? « 160 0.0614 0.0412 0.0202 6.300 
Sol +120 a ae 20.0 0.0622 0.0410 0.0212 6.400 


DISCUSSION 

The effect of dielectric constant and interfacial tension when non-el- 
ectrolytes are added to a hydrophobic colloid has been discussed by Mukherjee 
and Choudhury (this Jowrna/, 1925, 2, 307). It has also been pointed out by 
Freundlich (“‘Kapillar Chemie”, p 637, 1922) that a non-electrolyte diminishes 
the dielectric constant of the medium (7.¢. water) when added to it and hence 
the charge on the colloid diminishes, or in other words, it is sensitised and so 
smaller amount of precipitating ion is required to coagulate the colloid. These 
assumptions were later disproven by the work of Kruyt and Van Duin on 
As2S3 sol. 


In case of non-electrolytes used here, it has been observed that the charge 
on the colloid continually increases. As the concentration of non-electrolytes 
used here is very low. so, the effect of interfacial tension is marked up to the 
concentration range studied, and hence, the charge goes on increasing by the 
increase in concentration of the non-electrolyte used. Whereas in the case of 
non-electrolytes used by Chatterji and Ramnath (this Jowrna/, 1949, 26, 2) the 
concentration of non-electrolytes used was high and hence the lowering of 
dielectric constant predominated and consequently the stability decreased. 


It has heen observed by Kruyt and Van Duin in the case of AsoSz3 sol 
that the effect of non-electrolytes e.g. phenol, on the precipitation value of 
electrolyte was determined by the nature of the precipitating ion; for univalent 
and trivalent ions the precipitation value was lowered, while with bivalent and 
tetravalent ions the precipitation value was raised. The precipitating ion used 
here is bivalent Ba. The results obtained are in confirmity with those of Van 
Duin and Kruyt. 


CuemMIsTRY DerarTMENT, 
Universiry, Lucknow. heceived Seplerrbe r 1, 1950. 
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ON THE ROLE OF WATER CONTAINED IN THE SOLVENT USED 
IN FILTER PAPER CHROMATOGRAPHY. PART | 


By D. P. BuRMA AND B. BANERJEE 
Rates of movement (/’¢ values) of the amino-acids in paper chromatography with isopropyl 
alcohol-water of various compositions have been determined. Rt values have been observed to 
gradually increase with the increase in water content ofthe system and finally merge into the 
values obtained with pure water The differentiation between the individual amino-acids, however, 
decreases with increase in water content of the solvent. isoPropyl alcohol containing 30 
water by volume has been found to be a suitable second solvent for two-dimensional paper 


chromatography of amino-acids. 


Consden, Gordon and Martin (Brochem. /., 1944, 38, 224) observed that 
the RX values of amino-acids (rates of movements of the amino-acids/rate 
of movement of the solvent front) change in the direction of the water — 
solubility of the solvent in case of a homologous series of partially miscible 
solvents. During the separation of phosphoric esters with water-miscible 
solvents, Hanes and Isherwood ( .Va/ure, 1949, 164, 1107) observed that changes 
leading to increased water content of the flowing solvet increased the Ax 
values but at the same time decreased the differentiation between the individual 
esters. The same type of observation was made earlier by Jermyn and Isherwood 
( Brochem. 7., 1949, 44, 402) in case of sugars. Bentley and Whitehead (c4rd., 
1950. 46, 341) while studying a number of water-miscible solvents for their 
use in two-dimensional chromatography, supported the views of Hanes 
and Isherwood (/oc. cz/.). Thus the water content of the solvent employed 
governs the rates of movements of the substances subjected to paper 
chromatography. Separation of the substances on che chromatogram entirely 
depends upon the rates of movement of the individual substances, as such, 
water content of the solvent has an important bearing upon the paper 
chromatography. Further, A¢ values change with change of temperature 
according as the water content of the saturated solvent decreases or increases 
with the variation of temperature (Consden, Gordon and Martin. Joc. c7?.). 


In an earlier communication the authors (.Sczence & Culture, 1950, 15, 363) 
observed that with pure water A: values of different amino-acids and sugars 
were close to unity but not equal to unity, as expected from the theory of 
paper chromatography, proposed by Consden, Gordon and Martin (loc. czz.). 
In extending that observation we carried out this study to find out how the 
rates of amino-acids were affected by the varying amounts of water contained in 
the solvent employed. 





When pure solvents (as phenol, collidine, -butanol, etc.) are run along 
the paper, no movement of the spots takes place. As soon as some water is 
mixed with the solvent, the movement starts; the rate of movement increases 
with the increase in water content of the solvent. In case of a partially 
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miscible solvent, however, the water content can be varied within the saturation 
limit only. In order to study throughout a wide range of water content, the 
completely miscible solvent, zsopropyl alcohol, has been chosen by us. The 
water content of the solvent has been varied from 5% to 95% by volume and the 
corresponding A values of the different amino-acids have been determined. 


EXPERIMENTAL 


Solvent.—Absolute zsopropyl alcohol was prepared by refluxing and 
distilling over quick lime, and was mixed with measured volumes of water. The 
concentrations stated in Table II refer to percentage by volume. 


Apparatus——Due to high volatility of the solvent, ssopropyl alcohol. 
the chamber employed for paper chromatography should always remain 
saturated-with the vapour and the saturation equilibrium should not be much 
disturbed.” In this respect ascending method of Williams and Kirby (Sczence, 
1948, 107, 481) was found to be more convenient than the original descending 
method. The simple apparatus for“ ascending paper chromatography consisted 
of a cylindrical jar (about 32 cm. high -and of 20cm. diam.) inverted ona 
plate glass. Within it was placed a Petri “dish (of diameter of about 16 cm.) 
which contained the solvent zsopropyl alcohol and water in definite 
proportions ; 100 c.c. of the solvent’ mixture were used for each experiment. 
For duplicate experiment fresh solvent’mixture was employed as the compo- 
sition of the solvent mixture changed considerably even after single development. 
Before every experiment the chamber was allowed to saturate for 8 to 
12 hours. 


Procedure.—A piece of paper (43 cm. X30 cm.) was cut from Whatman 
No. 1 filter paper sheet. A pencil line was drawn along the length of the 
paper, 2 cm. above one edge. Point marks were made by graphite pencil 
on this line, 25“cm. apart from each other. Individual amino-acids were 
applied on these points by means of micropipettes; the diameter of the drop 
on the paper being about 2to3 mm. The solutions of the amino-acids were 
made by dissolving 5 mg. of the amino-acids in 2¢c.c. of water. Those which 
were applied on paper as hydrochlorides were neutralised with ammonia 
vapour before development. The paper was next made into a cylinder, the edge 
near the line forming the base of the cylinder and the vertical sides were 
attached without touching each other by means of paper clips. The jar over 
the Petri dish was removed for a while and the paper cylinder was put 
undisturbed on the Petri dish, the pencil line near the base remaining a 
little above the surface of the solvent mixture. The jar was replaced 
immediately. The solvent-mixture ascended along the filter paper by 
capillary force. When the solvent front ascended very close to the upper 
edge, the paper cylinder was taken out, the solvent front was marked with 
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pencil and then the paper was air-dried. The development-time varied 
depending upon the composition of the solvent mixture. With higher water 
content 5 to 8 hours’ development was enough. But with lower water 
content it required 12 to 14 hours. The dried paper was sprayed with 
ninhydrin solution (0.1 g. dissolved in 100 c.c. of »-butanol) and heated at 
90°-95° for about 5 minutes. The A: values of the individual amino-acids 
were calculated from the corresponding spots developed on the paper. 


The A: values of methionine with m-butanol containing varying amounts 
of water are given in the following table. 


TABLE I 
Ascending chromatography. 


Temp=25°. Time of run in each case = 24 hours. 


en -r -y" moved by Distance moved by Re. 
e solvent. the amino-acid. 
n-Butanol-water (17 : 3)* 28.5 cm. 6.1 cm. 0.21 
P (18 : 2) 27.2 4.8 0.17 
(18.5 : 1.5) 27.0 3.0 0.11 
(19: 1) 27.0 2.2 0.08 


*Saturated with water. 


The rates of movement of the amino-acids «. ¢. A: values with ssopropyl 
alcohol-water of various compositions are recorded in Table II. The recorded 
values are averages of 2 to 3 determinations. In no case the values 
differed by more than5% The spots were well-defined in all cases with 
the exception of arginine and lysine. The spots became streaky in case of 
these two amino-acids when the water content of the solvent was high. In 
a few cases diffused tailing or bulging was observed. 


During chromatography the solvent front at first descends or ascends 
very rapidly but after it has reached a certain height its velocity slows down 
considerably. In order to verify whether rates of movement of the amino- 
acids (A: values) were independent of the distance run by the solvent front, 
Rk: values of two amino-acids were determined when the solvent front 
traversed different distances. The values obtained are recorded in Table III 
which clearly indicate that whatever might be the distance run by the solvent, 
+ values remain almost constant. 
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Tasve [il 


Ascending chromatograhy. 
Solvent—zsopropyl alcohol-wateér (8 : 2). 


Period of run. Distance run by the Rt value. 
solvent front. solute. 
(a) Phenylalanine. 
2 hrs 9.2 cm. 4.3 cm. 046 
5 168 85 0.9 
2 21.7 10.9 0.50 
16 26.2 1L8 0.45 
(b) Threonine 
1} 93 2.2 0.3 
5 16.4 3.6 0.22 
12} 23.8 5.7 0.24 
16 26.2 58 0.22 


DItscuUSSION 


The variation of the A; values with the water content of the solvent is 
clearly indicated in Table II. When absolute ssopropyl alcohol is used no 
movement of any of the spots occurs. As earlier stated, with many other 
solvents the same thing occurs. This might be due to insolubility or sparing 
solubility of the amino-acids in the pure solvents. This signifies that water 
is the essential constituent of the solvent used in paper chromatography. 
When the water content is low (say 5% by volume), rates of movetment 
of most of the amino-acids are very slow, in some cases even nil. With the 
gradual increase in water content, however, the A; values gradually increase. 
With the increase in water content from 10% to 40% by volume, the rate of 
increase is very rapid in most cases. On raismg the percentage of water from 
40% to 60%, the rate of increase becomes tather slow on the average. With 
60% water and above, the A: values remain practically unchanged and are 
almost the same as those with pure water. That is why there are found some 
breaks in the sequence of A; values at this high percentage of water. The 
difference in A; values of an amino-acid with different percentages 
of water in this region lies within the range of experimental error (which is 
permissible up to 5%) and the A: values of the different amino-acids become 
much close toeach other. Therefore, with the gradual increase in water 
content of the solvent, the A: values gradually increase and finally merge 
into the values obtained with pure water but the differentiation between the 
individual amino-acids gradually diminishes. This is in agreement with the 
observations of Hanes and Isherwood (loc. cz?.) and Bentley and Whitehead 
(loc. ctt.). 

The increase in R: values with the increase in water-content of the 
developing solvent is expected from the partition mechanism suggested for 
paper chromatography. Increase in water-content of the solvent results in 
increasing the solubility of the solute in the mobile phase which leads to 
decrease in the value of «, partition coefficient. According to the formula 
proposed by Consden eé¢. a/. (oc. cit.) Re value increase with the decrease of «. 


5 
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Extension to Two-dimenstonal Chromatography 

The study of the A: values of the different amino-acids with the zsopropyl 
alcohol-water mixtures has been helpful in suggesting a second suitable 
solvent for two-dimensional chromatography. 

Phenol-water and collidine-water or pyridine-amyl alcohol-water are 
the solvents commonly employed for this purpose. Phenol-water and zsopropyl 
alcohol-watér can be successfully employed for the same. Of the various 
proportions of water in zsopropyl alcohol, 30% by volume will be the most 
suitable one since the difference in the A: values of the individual amino- 
acids is maximum at this concentration. A comparison of the A: values 
obtained with phenol-water and isopropyl alcohol-water (7:3) will at once 
suggest its use as the second solvent in two-dimensional chromatography. 


R: values of amino-acids with phenol-water and zsopropyl-alcohol-water 
(7:3) are shown below. 


TABLE IV 
n = = P c 
Ais Btieyg si ite ie i § 
o oan ~- Cc ‘. } a = ‘a ° = 
Snotot Goig goog oo Pee 2g SF SF a's 
E 5 s 3 e 3 £ KH ca és re a § b S 
Bo 08 te oR eee Se a Tas a. ss, as. se 
< < Oo 0 n Oo ol 7 €..<. ie Hy = > ae ray 
Rt valyes 
with 
Phenol- 
water ** 0.22, 0.23, 0.24 0.30 0.36 0.41 0.43 0.54 0.55, 0.55 0.62 0.71 0.74 0.80. 0.83 
-—_——_Y,- Yr -—_-—sr —_— -——oOoOo 
180Pro- 
pyl alco- 


a 0.28 0.32 0.14 0340.30 0.11 040 0.12 043 043 0.24 041 054 064 0.57 
: 3) 


(authors) 


* The list is not complete due to unavailability of a few amino-acids. 
** Williams and Kirby (doe. cit.). 
$ Applied as hydrochlorides and neutralised with NHs vapour. 


The values within brackets are close to each other and thus indicate the 
inseparability of those amino-acids with the single solvent phenol-water. 
The corresponding values with zsopropyl alcohol-water, however, signify that 
a good separation can be effected of those inseparable amino-acids with the 
exception of alanine and tyrosine, the A: valuesof which are identical with 
each other in case of both the solvents. We have successfully separated known 
mixtures of amino-acids by two-dimensional paper chromatography using 
phenol-water as first solvent and zsopropyl alcohol-water (7:3), as the second. 

The authors’ sincerest thanks are due to Dr. D. M. Bose, the Director, for 
his kind interest and helpful criticism during the course of this work. 


Bose Instirure, Received June 26, 1950. 
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COMPOSITION OF PRUSSIAN BLUE (FERRIC FERROCYANIDE) 
BY CONDUCTOMETRIC METHOD 


By ABANI K. BHATTACHARYA AND RAM SAHAI SAXENA 


The composition of ferric ferrocyanide has been studied by the conductometric titration of 
ferric chloride and potassium ferrocyanide. The results of the titrations support the formation 
of two compounds having the formulae KF: [Fe(CN),] and Fe, [Fe (CN),]s. 


The composition of Prussian blue obtained by the interaction of FeCls 
and K,Fe(CN), had drawn the attention of many eminent workers such as 
Messner (Z. anorg. Chem., 1895, 9, 126), Muller and Stanish (/. prak/. Chem., 1909, 
22,79, 81) Hofmann and Mitatb( Ammna/en, 1904, 337. 1), Gerstaker and Woringer, 
(J. prakt. Chem., 1914, 89, 51) who had mainly concerned themselves 
with the analytical aspect of these investigations. There are, however, very 
few references of the study of the composition of these compounds by physico- 
chemical methods. Conductometric, potentiometric and thermometric titrations 
suggest a fruitful line of investigation to throw further light on the composition 
of such compounds. While the experiments on potentiometric and thermo- 
metric titrations are already in progress, the results of the conductometric 
! titrations are being communicated through this paper. 


EXPERIMENTAL 


‘Analar’ (B.D.H.) reagents were used. Conductivity water was used for 
the preparation of standard solutions and further dilutions The conductivities 
were measured by Kohlrausch Universal Bridge (W. G. Pye, Ltd.). As a source 
3 of alternating current a small induction coil of the same make was used in the 
circuit and the point of balance was measured by the minima of the sound in 

the telephone. The cell was placed in the thermostat at a constant temperature. 
The conductance obtained after each addition was corrected for dilution by 
multiplying the observed conductance by I//10 where V refers to the total 
volume of the solution and 10 c.c. is the volume of the reactant already taken in 
the cell (Davis, “The Conductivity of Solutions”, p. 238). Curves _ were 
plotted between corrected conductances and the volume of the titrant. .The 
equivalence points were obtained by the interaction of the portions of the 
‘ titration curves. Different concentrations of the reactants were taken and 
titrations were followed by the direct and the reverse methods [7\e. when FeCls 
is taken in the burette and K,Fe(CN), in the cell and vce versa). 





Direct Conductometric Titrattons 


FeCls was added from the burette to KyFe(CN), in the cell in aqueous 
and up to 20% alcohol in the solution. 
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M/3.5»PeCl, 


added. 


00 ce. 
0.4 

0.8 

12 

1.6 

2.0 

24 

28 
0: 
3.2 
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Total vol. 


0.0 c.c. 
10.4 
10.8 
11.2 
11.6 
12,0 
12.4 
12.8 
13.0 
13.2 


TABLE I 
Vol. of 4/10-KgFe(CN). soln.=10 c.c. Alcohol = nil. (Fig. 1, curve 1). 


Corr. conduc- 
tance. 


M)3.5-FeCl ; 
added. 


120%10°* mhos = 3.4 c.c. 


424.8 3.6 
130.0 3.8 
135.0 4.2 
139.6 4.4 
1445 46 
149.4 48 
154.2 5.0 
156.6 5.4 
159.0 5.8 
Tas.e IT 


Total vol. 


13.4 c.c. 
13.6 
13.8 
14.2 
14.4 
14.6 
14.8 
15.0 
15.4 
15.8 





Corr. conduc- 
tance. 


161 10-° mhos 
165 

172 

184 

192 

197 

211 

215 

226 

235.4 


Vol. of 14/10-K,Fe(CN). soln. = 9 c.c. Alcohol ~ 1 cc. (Fig. 1, curve 2). 


M/3.5- FeCl, 
added. 


0:0 c.c. 
0.5 
1.0 
15 
2.0 
2.4 
2.6 
28 


3.0 
3.2 


Total vol. 


10.0c.c. 
10.5 
11.0 
11.5 
12.0 
12.4 
12.6 
12.8 
130 
13,2 


Corr. conduc- M/3.5-FeCl, 
tance. added. 
83.3 x 10-5 mhos 3.4 c.c. 
89.7 3.6 
96.5 3.8 
104.5 4.0 
111.0 4.2 
114.8 4.4 
116.7 4.6 
118.5 5.0 
120.2 5.5 
125.0 60 
TABLE III 


Total vol. 


13.4 c.c. 
13.6 
13.8 
14.0 
14.2 
14.4 
14.6 
15.0 
15:5 
16.0 


Corr. conduc- 
tance. 


136 x 10° mhos 
143.5 
149.0 
153.0 
156.8 
163.0 
172.0 
187.0 
207.0 
224.0 


Vol. of 44/10-K,Fe(CN), soln.~ 8 c.c. Alcohol — 2 c.c. (Fig. 1, curve 3). 


M/33-FeCl, 
added. 


0.0 c.c. 
0.5 
1.0 
5 
18 
2.0 
2.2 
2.4 
2.6 
2.8 
30 


Total vol. 


10.0 ¢.c. 
10.5 
11.0 
115 
11.8 
12.0 
12.2 
12.4 
12.6 
12.8 
13.0 


Corr. conduc- 
tance. 


52.3 x 10-* mhos 
61.7 
69.0 
79.3 
83.1 
86.3 
88.8 
91.4 
93.0 
98.0 
105.0 


M/3.5-FeCl, 
added. 


32.cc. 
3.4 
3:6 
3.8 
4.0 
4.2 
4.5 
5.0 
5.5 
6.0 
6.5 


Total vol. 


13.2 c.c. 
13.4 
13.6 
138 
140 
14.2 
14.5 
15.0 
15.5 
16.0 
16.5 


Corr. conduc- 
tance, 


109.0 x 10° Smhos 
112.0 
1140 
118.0 
1245 
130,0 
139.0 
154.1 
170.0 
183.0 
201.0 
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Taste 1V 


Vol. of 14/20-K4Fe(CN),, soln.= 10 c.c. Alcohol = nil. (Fig. 2, curve 4). 


M/4- FeCl, 
added. 


0.0 c.c. 
0.2 
0.4 
0.6 
0.8 
1.0 
12 
1.4 
1.6 


Total vol. 


10.0 c.c. 
10.2 
10.4 
10.6 
10.8 
11.0 
112 
11.4 
11.6 


Corr. conduc- 
tance. 


66.1 10-3 mhos 
68.0 
70.1 
2.2 
748 
76.0 
78.4 
81.0 
83.0 


M/4-FeCl, 
added. 


1.8 c.c. 
2.0 


° 
«<. 


2.4 
2.6 
2.8 
3.2 
3.6 
4.0 


TABLE V 


Total vol. 


11.8 c.c 
12.0 
12.2 
12.4 
12.6 
12.8 
13.2 
13.6 
14.0 


Corr. conduc- 
tance. 


86.0 x.10°* mhos 
88.0 
97.1 
106.2 
114.0 
116.0 
123.0 
130.1 
140.0 


Vol. of 14/20-K,Fe(CN), soln.~ 9 .c. Alcohol = 1c.c. (Fig 2, curve 5). 


M/4- FeCl 3 
added. 


0.0 c.c. 
0.5 
1.0 
1.2 
1.4 
16 
18 
2.0 


29 
bee 


Total vol. 


10.0 c.c. 
10.5 
11.0 
11.2 
11.4 
11.6 
1L8 
12.0 
12.2 


Corr. conduac- M/4-FeCl, 
tance. added. 
44.3xX10-* mhos 2.4 c.c. 
50.0 2.6 
56.6 2.8 
59.0 30 
61.1 35 
63.5 4.0 
66.0 4.5 
70.0 5.0 
75.0 
Taste VI 


Total vol. 


12.4 c.¢. 
126 
12.8 
13.0 
13.5 
140 
14.5 
15.0 


Corr.*conduc- 
tance. 


79.0 x 10-* mhos 
85.1 

91.0 

98.2 
116.0 

13L8 

150.0 

164.0 


Vol. 4/20-K,Fe(CN).¢ soln.~ 8c. Alcohol — 2 cc. (Fig-2, curve 6). 


Mj4-FeC1, 


added. 


0.0 c.c. 
0.5 
1.0 
1.4 
1.7 
18 
2.0 
2.2 


Total vol. 


10.0 c.c. 
10.5 
11.0 
114 
11.7 
118 
12.0 


12.2 


Corr. conduc- 
tance. 


40.0 x 10-* mhos 
44.5 
51.0 
55.1 
60.0 
64.8 
71.1 
78.0 


M/4-FeCl, 
added. 


2.4 C.c. 
2.6 
3.0 
3.2 
3.5 
4.0 
45 


Total vol. 


12.4 ¢.c. 
126 
13.0 
13.2 
13.5 
140 
145 


Corr. conduc- 
tance. 


82.8 x 107% mhos 
88.0 
98.0 

104.1 

111.2 

124.0 

136.2 
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Reverse Conductometric Titrattons 


K,Fe(CN). solution from the burette was added to FeCls solution in 
the titration cell and mixed with varying amounts of alcohol. 


TABLE VII 


Vol. of 14/10-FeCls soln. = 10 c.c. Alcohol = nil. (Fig 3, curve 7). 


M[2-K,Fe (CN), 
added. 


0.0 c.c. 
05 
1.0 
1.2 
14 
1.6 
1.7 
18 
1.9 


Total Corr. conductance. ee Total Corr. conductance. 
added. 


vol. vol. 

10.0 c.c. 95.2 x 10-° mhos 2.0 c.c. 12.0 c.c. 160.0 x 10-8mhos 
10.5 112.5 2.2 12.2 174.3 

11.0 130 2.4 12.4 184 

11.2 136.5 2.6 12.6 197 

114 142.5 2.8 12.8 210 

116 145 3.0 13.0 220 

11.7 150 3.2 132 243 

11.8 154 3.6 13.6 256 

11.9 156 4 14 280 


5 15 341 


TABLE VIII 


Vol. of 14/10-FeCls soln. = 9 c.c. Alcohol = 1 cc. (Fig. 3, curve 8). 


M/2-K,¥Fe (CN), 
added. 


0.0 c.c. 
0.5 
1.0 
1.2 
1.4 
1.5 
16 
1.7 
18 


Total Corr. conductance. aaa . Total Corr. conductance. 
ed. 


vol. ad vol. 
10.0c c. 75.1x10-? mhos —.2.0c.c. 12.0 c.c. 133 0x 10°* mho: 
10.5 90 22 122 1431 
11.0 102 24 124 154 
11.2 107 28 128 174 
11.4 111.1 3.2 13.2 194 
115 115 3.5 135 210 
11.6 119 4 14 237 
11.7 122 5 15 280 
118 124.2 

TABLE IX 


Vol: of M/10-FeCl, soln.-— 8 cc. Alcohol = 2.c.c. (Fig. 3, curve 9). 


M/2-K,Fe (CN), 
added. 
0.0 c.c. 
0.5 
08 
1.0 
1.2 
13 
14 
16 
18 


Total Corr. conductance. M/2-K,Fe (CN)¢ Total Corr. conductance. 
vol. added. vol 


10,0 c.c. 51.1 10-3 mhos 2.0 c.c. 12.0 c.c. 109.0x 10-  mhos. 
10.5 62.5 2.2 12.2 117.3 

10.8 70.1 2.4 12.4 124 

11.0 76.0 2.6 12.6 131 

11.2 80.1 3.0 13 148.1 

11.3 84 3.5 13.5 166 

11.4 89 4.0 140 186 

116 95.2 4.5 145 206 

1L8 101 



















M/10-K,Fe(CN)¢ 
added. 


0.0 c. c. 
0.5 
10 
15 
18 
2.0 
2.2 
2.4 
2.6 
2.8 


M/10-K,Fe (CN), 
added. 

0.0 c.c, 
0.5 
10 
15 
17 
2.0 

q 22 

2.4 

2.6 


0.0 c.c. 
€ 0.4 
0.8 
5 1.2 
j 14 
: 1.6 
18 








2.0 
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TABLE X 


Total Corr. conductance. M/10-K,Fe (CN), 


vol. 


10.0 c.c. 
10.5 
11.0 
115 
1L8 
12.0 
12.2 
12.4 
12.6 
12.8 


Total 
vol. 
10.0 ¢.c. 
10.5 
11.0 
11.6 
11.7 
12.0 
12.2 
12.4 
12.6 


10.0 c.c. 
10.4 
10.8 
11.2 
114 
11.6 
11.8 
12.0 


added. 

35.1 10"* mhos 3.0 c.c. 
37.5 3.2 
39.5 3.4 
4L5 3.6 
428 38 
43.2 40 
43.5 45 
44.2 5.0 
47.8 5.5 
51.0 6 

7 

TABLE XI 


26.0 x 10°? mhos 2.8 c.c. 
28.4 3.0 
30.5 3.2 
32.6 3.4 
33.4 3.6 
34.0 4.0 
34.8 45 
375 5.0 
39.3 S$ 
6.0 
TaBLeE XII 


‘ M/10-K,Fe (CN)g Total Corr. conductance. M/10-K,Fe (CN)¢ 
added. vol. added. 


19.3 x 10° mhos 2.2 c.c. 


21 
23 
24.5 
25.5 
25.8 
26.0 
26.2 


2.4 
2.6 
28 
3.0 
3.2 
3.6 
4.0 
45 
5.0 


Total 
vol. 
13.0 c. c. 
13.2 
13.4 
13.6 
13.8 
14.0 
14.5 
15.0 
15.5 
16 
17 


Total 
vol. 
12 c.c. 

13 

13.2 
13.4 
13.6 
14.0 
145 
15.0 
15.5 
16.0 


Vol. of 14/40-FeCls soln. = 10 c.c. Alcohol = nil. (Fig, 4, curve 10). 


Corr. conductance. 


54.2 10°* mhos 
56.8 
60.5 
63.8 
67.0 
70.0 
74.7 
83.3 
91.1 
100 
113 


Vol. of /10-FeCls soln. —9 c.c. Alcohol =1 c.c. (Fig. 4, curve 11). 


Corr. conductance. M/10-KzFe (CN # Corr. conductance. 
added. 


42.4 x 10-® mhos 
45.6 
48.0 
50.5 
52.2 
57.1 
63 
71 
79 
87 


Vol. of 17/40-FeCls soln. —8 c.c. Alcohol =2 c.c. (Fig. 5, curve 12). 


Total Corr. conductance 


vol. 


12.2 c.c. 
12.4 
12.6 
12.8 
13.0 
13.2 
13.6 
14.0 
14.5 
15.0 


28.3 x 10-8 mhos 
30 
32 


37.1 


Corr. conductance x 10° mhos. 
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DISCUSSION 

The two possible reactions between ferric chloride and potassium 
ferrocyanide can be represented thus :— 

FeClg+K4Fe (CN), =KFe[Fe(CN),] +3KCl oe (1) 

4 FeCl, +3 K,Fe (CN), = Fe, [Fe (CN)g]3+12 KCI ... (2) 

Considering the strength of solutions of FeCl, (47/35) and KyFe(CN)<¢ 
(M/10), the theoretical titre values for 10 c.c. of KyFe(CN)¢ for the formation 
of the compound KBe[Fe(CN),]} and Fe,4[Fe(CN).]s in direct titration should 
be 3.5 c.c. of FeCls for 10 c.c. of KgFe(CN),, and 4.6 c.c. of FeCl; for the same 
volume of K,Fe(CN)<¢ respectively. In the reverse titration the theoretical values 
can be calculated accordingly. In the direct titration [¢.e. when K,Fe (CN)¢ 
is taken in the cell] the change in conductivity is due to the formation of 
3 molecules of KCl from 1 molecule of K,4Fe(CN), and due to change of 
3 molecules of K,Fe(CN), into 12 molecules.of KCl according to equation (2), 
the conductivity of the insoluble complex having been assumed to be zero. 


Fic. 1 Fic. 2 


Corr. conductance = 10° mhos. 








M/4-FeC!., added in er. 








4 wail 
+ 





ob 


$——+-—+- 
M/3.5-FeCl, added in c.c. 


So tee 











CL TEE, SER ee 
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According to the known values of ionic conductivities, there should be a 
fallin conductivity as we drop FeCls from the burette into K,Fe(CN)¢ in the 
cell. But our actual observations from curves (1 to 6) are that the conductivity 
increases throughout the titration, although the breaks do appear at the 
significant points. This continuous increase can be explained as being due to 
the presence of HCI which was added to FeCls for keeping it stable in solution. 















In the reverse titration the total change in conductivity will be due to the 
conversion of FeCl; in the cell into the insoluble complex (conductivity assumed 
to be zero) and to 3 molecules of KCl according to equation (1) and of 4 
molecules FeCls into the insoluble complex and 12 molecules of KCl according 
to equation (2). According to ionic conductivities there should be a slight 
increase during this change. The titration curves show this effect much more 
conspicuously. 


mxine 


Fic. 3 Fic. 4 











comduclance x 10*® mhos 
"SL 
i = 
Corr. conductance x 108 mhos. 
. ©. 
. = 4 
P e he 
\ \, 
Y 


Corr. 


idan sacnaien 


M/10-K,Fe(CN).« added in c.c. 





M/2-K,Fe(CN), added in c.c. 


In order to show the discrepancy between the calculated and the observed 
values the summary oi observations in aqueous and alcoholic solutions is 
given in the following table for easy comparison. 

6 ‘ 
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TaBLE XIII 


Points of equivalence 


K,Fe(CN),. FeCl,. Aqueous solns. Alcoholic solutions. Formmla 
supported 
Calc. Obs. Calc. Obs. 
Direct titrations (curves 1-6). 
M/10 M35 35cc. 36cc. 3.15c.c. 3.20c.c. in 10%alcohol KFe[{Fe(CN),] 
2.8. 2.8c.c. in 20%alcohol 
4.66 4.7 4.20 4.25 c¢.c.in 10%alcohol Fe,[Fe(CN).]s 
3.73 3.75c.c. in 20%alcohol 
M/20 M/4 2.0 2.1 18 185 c.c. in 10%alcohol KFe[{Fe(CN,)] 
1.6 1.65 c.c. in 20%alcohol 
2.6 2.6 2.4 2.5 c.c. in 10%alcohol Fe, [Fe(CN),]s 
2.13 2.2 c.c. in 20% alcohol 


Reverse titrations (curves 7-12). 


M/2 M0 2.0 cc. 1.9 c.c. 1.8 c.c. 1.70 c.c. in 10% alcohol KFe[Fe(CN).] 
1.6 155 in 20% alcohol 

M/10 M/40 25cc. 24 2.25 2.20 in 10% alcohol KFe[Fe(CN),] 
2.0 2.0 in 20% alcohol 


From the above table it will be clear that the points of equivalence in 
aqueous medium in direct titration are slightly higher than the calculated values, 
whereas in the reverse titration the points of equivalence are slightly lower 
than the theoretical ones. By the addition of alcohol the observed values 
gradually approach the calculated values. These observations support the fact 
that the role of hydrolysis in Prussian blue is well marked. Alcohol suppresses 
the hydrolysis and hence a closer approach to the theoretical values is envisaged 
by the experimental results. 

Another point of view can explain the discrepancies of the calculated and 
observed values both in the direct and the reverse titrations. If ferric ion is 
more adsorbed than ferrocyanogen ions by Prussian blue, then also similar 
observations are expected. Experimental work on hydrolysis and adsorption 
of Prussian blue is in progress to ascertain the role of these two phenomena in 
determining the composition of this compound. 


It is interesting to note that when ferric chloride is added to potassium 
ferrocyanide, the conductivity curves suggest the possibility of the formation 
of two compounds KFe[Fe(CN),] and Feg[Fe(CN),]3. The curvature of the 
curves near about the points of intersection can be explained asa result of the 
adsorption of the ions by the precipitated complex with the result that the 
total conductivity will slightly decrease as the quantity of the precipitate 
increases. Since the reaction taking place in the first portion of the curve is 
different from the system which follows after the complete precipitation of 
KFe[Fe(CN),,], the shape of the middle portion of the curve will be slightly 


- 
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different from the former, it being assumed that the ionisation, adsorption, and 
hydrolytic properties of KFe[Fe(CN).] are afrzorr slightly different from those 
of the system in the first and the last stage. 

It is further to be noted that curves 7-12 suggest the formation of 
only one compound KFe[Fe(CN),], when potassium ferrocyanide is added to 
ferric chloride. This suggests that the formation of one compound, or both, 
depends upon whether ferric chloride is added in presence of excess of potassium 
ferrocyanide or vice versa. 

The concentration of the reacting solutions might, at best, affect the 
adsorption of ions of the reactant taken in the cell, and in alcoholic solutions 
the effect of hydrolysis and adsorption is reduced to a minimum. 

Thanks of the authors are due to Dr. S. S. Deshapande for his keen 
interest in the work and to Dr. N. K. Sethi, Principal, Agra College, for 
permitting one of the authors (R. S. Saxena) to work in the laboratories. 
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SEPARATION OF IRON, ALUMINIUM AND TITANIUM 
By H. N. Ray 


A convenient and easily workable process has been worked out for the separation of iron’ 
aluminium and titanium from each other. The basis of separation depends on the use of H,O, 
which forms with titanium soluble salts of pertitanic acid, the latter forming pertitanates 
on reacting with alkali carbonates or hydroxides. Pertitanates on boiling forms a quantitative 
precipitate which can be dissolved in HCl and reprecipitated as titanium hydroxide. 

Separation of iron, aluminium and titanium from each other has been 
the subject of much discussions and various methods have been published on 
this subject from time to time, but none is so satisfactory. 


Hydrogen peroxide produces a characteristic yellow to orange coloration 
with acid titanium solution, while with the other two elements, viz, iron and 
aluminium, it does not do so. 


A characteristic property of the solution of titanium salts is the ease 
with which they undergo hydrolysis on boiling with the precipitation of 
metatitanic acid. Titanium is separated from iron by hydrolysis with sodium 
or ammonium thiosulphate in acid solution along with aluminium, if present. 
The two elements are then separated by fusing the ignited precipitate with 
sodium carbonate and extracting with water. Sodium aluminate will pass 
into solution, whereas sodium titanate being insoluble will remain behind. 


The above standard process is very troublesome, lengthy and not free 
from complication. During the hydrolysis of titanium and aluminium salts 
by means of ammonium thiosulphate, the acidity is to be carefully regulated. 


In another method buffer solutions are used to adjust acidity. 


The most satisfactory method of separation of titanium from aluminium 
is by means of cupferron. This reagent pecipitates titanium from an 
acidified solution leaving aluminium in solution. But it does not afford a means 
to.separate this element from iron. 


The process described by Gooch (Chem. News, 1885, 52, 55,68), though 
recommended for the separation of the elements, is not very convenient to 
work up. It is lengthy and troublesome. It involves too many fusions. Moreover, 
iron is to be separated by means of tartaric acid and sulphuretted hydrogen 
and the tartaric acid is to be destroyed for furher operations by lengthy 
processes which have made it not very smooth and easily workable. 
Investigations have been made in this direction and a convenient and easily 
workable process for the separation of iron, aluminium and titanium from 
each other, has been worked out. 

The basis of this process is that pertitanic acid, formed by the action of 
hydrogen peroxide ona soluble salt of titanium, reacts with alkali carbonates 
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or hydroxides to form pertitanates. These pertitanates are soluble in the 
cold but separate out as insoluble curdy white precipitate either on boiling or 
on standing even in the cold. Quantitative precipitation takes place when the 
solution is boiled. This precipitate is not a true pertitanate but another form 
of Pertitanic acid, as it isnot soluble either in cold or in hot water. On the 
other hand, this precipitate readily dissolves in hydrochloric acid producing the 
characteristic orange colour of pertitanic acid. So. if to the acidified solution 
of iron, aluminium and titanium salts, hydrogen peroxide is added, orange-yellow 
colour of pertitanic acid is developed. On being carefully neutralised with 
sodium carbonate solution the colour will be discharged and soluble sodium 
salts of pertitanic acid will form. To keep aluminium also in solution alkali 
carbonate containing 2 to 3 g. of caustic soda is added in excess (alkali carbonate 
in presence of hydrogen peroxide can itself keep aluminium in solution). Only 
iron will be precipitated as brown hydroxide which can be filtered and washed 
with the alkali carbonate solution. The filtrate"is made to boil when the soluble 
salt of titanium either breaks down or is hydrolysed and a curdy white 
precipitate separates out. This is washed with sodium carbonate solution and 
is kept ready for the estimation of titanium. The filttrate contains all the 
aluminium. It is acidified with hydrochloric acid and aluminium is precipitated 
with ammonia. 
The following precautions have been found necessary. 
1. Too much hydrogen peroxide should be avoided. 


2. Alkali carbonates are preferable to hydroxides. 


3. As the precipitate separates out as a white curdy mass on standing 
(perhaps due to hydrolysis), the solution should be filtered first immediately 
after neutralisation with sodium carbonate. 


4. The operation should be conducted in the cold and preferably in the 
sulphuric acid medium. 


EXPERIMENTAL 


Procedure.—The slightly acid solution of iron, aluminium and titanium 
containing the elements to the extent of 0.05to 0.1g. was taken in a 400 c.c. 
beaker. About 5c.c. of hydrogen peroxide was added to it to fully develop 
the colour of pertitanic acid. To this cold solution. 10% sodium carbonate 
solution was carefully added till neutralised and iron was just precipitated. At 
this stage more sodium carbonate solution (25 to 30 c.c.) containing about 2-3g. 
of caustic soda was added and the solution well stirred for a minute or so with 
a glass rod to bring aluminium and titanium into solution. It was filtered 
through a Whatman filter paper No. 41. In order to ensure quick filtering, 
the filter paper should be washed intermittently with a jet of slightly warm 
water (not hot water). The precipitate was thoroughly washed with 
10% sodium carbonate solution. The filtrate and washings were collected 
tegether. 
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The iron precipitate was washed again with hot water and dissolved in 
sulphuric acid. If any titanium were suspected in the iron solution, it could be 
reprecipitated with 10% sodium carbonate solution as above and the filtrate and 
washings to be added to the main filtrate. By this time iron will be completeiy 
free from titanium. The iron precipitate was washed again with sodium carbonate 
solution and then with hot water and dissolved in hydrochloric acid. Iron 
can be finished either gravimetrically or volumetrically. 

The combined filtrate contains all the aluminium and titanium. It was 
heated on the hot plate and the solution was boiled down if the volume were 
large enough. White curdy precipitate of a titanium salt fell down. Care 
should be taken to see that all the hydrogen peroxide is decomposed, other- 
wise it tends to retain some titanium in solution. The solution was cooled and 
filtered. The white precipitate was washed four times with hot 10% solution 
of sodium carbonate Washings with distilled water will hydrolyse the salt 
and colloidal titanic acid will pass through the filter paper into the filtrate. 


The precipitate was dissolved in hydrochloric acid. Orange-yellow 
pertitanic acid colour developed. The filter paper was washed with water to 
remove the stain of yellow colour. The solution was boiled on the hot plate till 
the yellow colour disappeared and the liquid became colorless. Titanium was 
precipitated from the solution either with ammonia or with ammonium 
thiosulphate and was finished by igniting the precipitate to TiOy. The filtrate 
from the precipitate contained aluminium. It was carefully acidified with 
hydrochloric acid and then made ammoniacal with ammonia. Aluminium 
hydroxide was precipitated. It was filtered, thoroughly washed with hot water 
to free it from alkali and ignited to AlgO3. 

Good results are obtained if the experiment is done carefully. 

In conducting the experiments solutions of iron, aluminium and titanium 
salts were prepared and mixed in varying proportions. 

Preparation of Tron Solution—Pure ferrous ammonium sulphate (39.5 g.) 
was dissolved in water, acidified with enough sulphuric acid to prevent hydrolysis. 
The solution was transferred to a 1000 c.c. measuring flask and diluted to the 
mark. The solution was then standardised against 0.1 potassium permanganate 
solution and the iron content per cc. of this solution was found to be 


0.0055 g. per c.c. 


Preparation of Aluminium Solutton.—Pure aluminium wire (1 g. of 99.947 
purity) was accurately weighed and dissolved in 30 c.c. of dilute hydrochloric acid 
(1:4). When the aluminium was completely dissolved, the solution was made 
to boil for a few minutes, then allowed to cool and the volume was then made 
up to 500 c.c. in a measuring flask ; 1 c.c. of this solution contained 0.002 g. of 
aluminium. 

Preparation of Titanium Solutton—Pure titanium dioxide (1 g.) was 
weighed out in a pyrex beaker and dissolved in 50 c.c. of concentrated sulphuric 
acid and 20 g. of fused potassium bisulphate added and heated when a perfectly 
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clear liquid was obtained. Heating was continued for sometime after which the 
content was cooled. The mass was then taken up with dilute sulphuric acid and 
the volume diluted to 250 cc., lec. of this solution contained 0.0024 g. of 


titanium. 
TABLE I 
Sample taken. Found. Calculated. 
{ 10 c.c. of FeAmSO,, 6H.O (0.055 g. Fe) Fe, 0.053 g. 0.055 g. 
iL | 20 c.c. TiO, soln. (0.048 g. Ti) Ti 0.045 0.048 
t 20 c.c. aluminium soln. (0.040 g. Al) Al, 0.038 0.040 
( 20 cc. FeAmSO, (0.110 g. Fe) Fe, 0.1070 0.110 
2. , 30 c.c. TiO, soln, (0.072 g. Ti) Ti, 0.069 0.072 
{ 30 c.c. Al soln. (0.060 g. Al) Al, 0.058 0.060 
( 15 c.c. FeAmSO, (0.0825 g. Fe) Fe, 0.080 0.0825 
3. | 40 c.c. TiO, soln. (0.0960 g. Ti) Ti, 0.091 0.0960 
. { 40 c.c. Al soln. (0.080 g. Al) Al, 0.0780 0.080 


Application of the above Process in the Estimation of Titantum 
in Ferro-titantum 


Ferro-titanium is an alloy of titanium and iron. Titanium content of 
' this alloy generally varies up to 30%. The alloy was crushed and ground in an 
agate mortar to a fineness of 100 mesh. This powered material (0.5 g.) was 
weighed out ina 500 c.c. tall beaker and decomposed with 1:4 sulphuric acid 
and the mass taken to fumes. It was cooled and the content dissolved in 
dilute sulphuric acid. The solution was then filtered and the residue, which was 
) . mainly silica contaminated with a little titania, was washed and finally ignited in 
a platinum crucible and weighed. The ignited mass was then treated with 
hydrofluoric acid with a drop or two of sulphuric acid. It was carefully ignited 
and weighed. The loss in weight was silica. The residue, if any, was tused with 
potassium bisulphate and the mass was extracted with dilute sulphuric acid. 
The solution was added to the main filtrate. The filtrate was carefully neutralised 
with ammonia till a brownish precipitate just appeared. The precipitate was 


o™ 





j dissolved with dilute sulphuric acid and the solution was made distinctly acidic. 
> About 5 c.c. of hydrogen peroxide (20 vol.) was added to fully develop the 
> : colour of pertitanic acid. At this stage the solution was neutralised with 10% 
f solution of sodium carbonate until iron was completely precipitated. The 

reagent was added in excess together with 2-3 g. of NaOH. During this process 
. the solution was stirred vigorously. It was continued two to three minutes more 
* after the precipitation was complete. The whole of iron was precipitated and 


titanium went into solution. The solution was then quickly filtered. To ensure 
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quick filtration a platinum cone may be used, and a gentle suction applied. The 
precipitate was washed with a warm (50°) solution of sodium carbonate. The 
washings were added to the main filtrate. The clear filtrate was then made to 
boil. A curdy precipicate fell down. When the volume of the solution was 


diminished to half its original volume and all the hydrogen peroxide decomposed, 


the beaker was removed from the hot plate and the precipitate allowed to settle. 
It was filtered through a Whatman filter paper No. 41. It was washed with dilute 
sodium carbonate solution and dissolved in hydrochloric acid. The filter paper 
was washed with distilled water till the yellow stain disappeared. The acidity of 
the solution was then adjusted and titanium was precipitated from the boiling 
solution by means of sodium thiosulphate. The precipitate was then filtered, 
washed and ignited as TiOg. 


In this experiment a sample of ferro-titanium containing about 29% of 
titanium, determined by the ordinary thiosulphate process, was employed. 


TABLE I] 


Titanium found by 


Sample taken. above process. ordinary process. 
0.520 g. 23.56% 28.75% 
0.452 28.60 28.75 
0.305 28.58 28.75 
Meta anp Sreeu Facrory, Received September 9, 1950. 


IcHAPORE, West BENGAL. 
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PREPARATION OF 2: 4-DICHLOROPHENOXYACETIC ACID (2: 4-D) 
by A. GHOSH 


Two different methods of preparation of 2:4-D are reported. The first method consists in 
the nuclear chlorination of the phenoxyacetic acid by the action of dichlorocarbamide, prepared 
in a modified way. The other method consists in the conversion of phenol into 2 : 4-dichlorophenol 
through the different stages of nitration, reduction, diazotisation and then coupling with cuprous 
chloride. The 2: 4-dichlorophenol, thus obtained, is then converted into 2: 4-D with chloroacetic 
acid in presence of alkali. Both the reactions give good yields of the dichloro derivative. 


The extensive use of dichlorophenoxyacetic acid (2:4-D) as a selective 
herbicide has led to many attempts to synthesise this compound. Some of 
these consist in the direct conversion of phenoxyacetic acid into 2 : 4-D by 
nuclear chlorination. The methods of direct nuclear chlorination are due to 
Hopkins and Chisolm (Canadian /. Res., 1946, 24B, 208) and Haskelberg 
(J. Org. Chem., 1947, 12, 426). These authors have used NaOCl solution and 
chlorine as the respective chlorinating agents in presence of Fe as catalyst. The 
yields obtained by the two different methods are respectively 75-80% and 
82%. But repetition of the above experiments in our laboratory has failed 
to achieve the recorded percentage yield (the yield obtained being 60-66% in 
both the cases). This has led to the present investigation regarding other 
suitable chlorinating agents for the preparation of 2:4-D. It is known that 
certain cyclic compounds can be halogenated by the action of dichlorocarba- 
mide. Chlorination of phenol by dichlorocarbamide was studied by Lickos- 
cherstov (Am. Chem. Abs.. 1930, 24, 836). Thereby dichlorocarbamide has 
been attempted by the present author and found quite suitable for direct 
nuclear chlorination of phenoxyacetic acid. The method of preparation of 
dichlorocarbamide as described by Chattaway (/. Chem. Soc., 1909, 95, 464) 
using zinc oxide being costly, various substitutes for zinc oxide have been 
attempted and freshly prepared aluminium hydroxide has been found most 
useful Aluminium hydroxide is cheaper, it can be easily prepared and gives 
an yield near to that obtained by Chattaway (Joc. ct). In order. to save time 
and reduce the manipulative effort the dichlorocarbamide is not isolated from 
the solution but is allowed to react 2 st/u with the phenoxyacetic acid. The 
procedure thus becomes extremely simple. 


The second method of preparation of 2: 4-D consists in the preparation 
of 2 : 4-dichlorophenol, which is next condensed with chloroacetic acid in the 
presence of alkali (Pokorny, /, Amer. Chem. Soc., 1941, 63, 1768). Several 
methods of preparation of 2: 4-dichlorophenol are reported in the literature. 
Holleman (ec. trav. chim., 1917, 37, 96) prepared 2: 4-dichlorophenol by 
passing a current of chlorine gas into molten phenol until the requisite increase 
in weight took place and then by separating 2 : 4- and 2 : 6-dichlorophenols so 
formed. The method is very cumbrous and further 2: 4-dichlorophenol cannot 
7 
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be completely separated from 2 : 6-dichlorophenol. Chandelon (Fer., 1883, 16, 
1751) utilised. sodium hypochlorite as a chlorinating agent in presence of a 
considerable amount of salicylic acid and caustic potash for the preparation 
of 2: 4-dichlorophenol. The percentage yield, however, is not mentioned and 
the process suffers from the disadvantage of using salicylic acid, a costly 
material. The third method due to Clark (Chem. News, 1931, 143, 265) 
consists in the chlorination of phenol with trimethylacetyl chloride. 
Though the percentage yield, as claimed by the author, is very high (about 
35%), the method is hardly advantageous on account of the difficulty in obtain- 
ing the chlorinating agent. In view of the difficulties encountered in the 
preparation of 2 : 4-dichlorophenol, a simpler method employing easily available 
starting materials has been devised. The method consists in the conversion 
of 2 : 4-dinitrophenol obtained by the nitration of phenol to 2 : 4-dichlorophenol 
through several steps. Phenol is nitrated by the process of Marqueyrol and 
Loriette (Bull. soc. chim., 1919, 25, 375) with certain modifications. Instead 
of using sulphuric acid of density 1.58 and completing the reaction by raising 
the temperature to 100° towards the end, as suggested by the above mentioned 
authors, a higher concentration of sulphuric acid (d¢1.72) has been used 
and the reaction is completed at 75-80° affording a 10% increase in yield over 
that obtained by Marqueyrol and Loriette (doc. cit.). The 2 : 4-dinitrophenol 
so obtained is then reduced to 2: 4-diaminophenol hydrochloride with tin and 
HCl. 2:4-Diaminophenol hydrochloride is next diazotised and coupled with 
cuprous chloride by the standard method (Sandmeyer's reaction). The product 
thus formed is then steam distilled, when 2: 4-dichlorophenol separates out 
from the distillate. The yield is quite satisfactory. The 2: 4-dichlorophenol 
is next condensed with chloroacetic acid in presence of alkali giving a good 
yield of 2:4-D. 


EXPERIWENTAL 


First Method. Preparation of Dichlorocarbamide.—A solution of carbamide 
(6 g.) in 50 c. c. of water was taken in a three-necked flask, the central opening 
being closed by a cork. To the solution was added freshly prepared aluminium 
hydroxide (obtained from 32g. of alum). The solution with the suspension of 
aluminium hydroxide was then cooled in a freezing mixture and a rapid stream 
of chlorine was passed through it, care being taken that the temperature of 
the reaction did not rise above 0 and the flask well shaken during the 
passage of the gas. Aluminium hydroxide quickly dissolved giving a clear 
‘solution. and in a very short time the liyuid became thickened with the 
séparation of crystals of dichlorocarbamide. When no more crystals separated, 
the dichlorocarbamide was rapidly filtered in a pump, washed a few times with 
ice-cold distilled water and then finally dried by washing with dry chloroform. 
Dichlorocarbamide was obtained as white, crystalline powder, yield 9 g. (70% 
of the theoretical). 
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Preparation of 2: 4-Dichlorophenoxyacetic Acid—In the above method 
of preparation, when no more crystals of dichlorocarbamide appeared to 
separate, the current of chlorine was discontinued and phenoxyacetic acid 
(10 g.), obtained from sodium phenate (8.5 g.) and sodium chloroacetate (8.5 g.) 
with caustic soda as condensing agent, was added. The whole mass was then 
vigorously agitated for about 2 hours by means of a mechanical stirrer through 
the central neck with occasional addition of 10 c.c. of concentrated hydro- 
chloric acid during the entire period. A considerable amount of heat was 
evolved. The precipitate was then filtered, washed with cold water, and the 
2: 4-dichlorophenoxyacetic acid was recrystallised from benzene, m.p. 138, 
yield 8.5 g. (55% of the theoretical). (Found : Cl, 32.25. Calc.Cl, 32.1 per cent). 


Second Method. Preparation of 2: 4-Dichlorophenal.—Phenol (9.4 g.) was 
nitrated with a mixture of HgSO, (d 1.72, 40 ¢c.c.) and HNOs (41.33, 204. c.) 
by the improved method, already referred to. The product on crystallisation 
from water gave colorless crystals of 2: 4-dinitrophenol (yield 14.7 g. 80% of 
the theoretical). 2: 4-Dinitrophenol (about 9 g.) was reduced in the usual way 
with tin and HCI (16 g. tin and 80 c. c. conc. HCl) to cbtain 2 : 4-diaminophenol 
hydrochloride. 2: 4-Diaminophenol hydrochloride (5 g.) was then diazotised 
with sodium nitrite (4.4 g.) solution. The well cooled diazotised solution was 
then coupled with cuprous chloride solution at a temperature lower than 5 
by the standard method (Sandmeyer's reaction). The cuprous chloride solution 
was prepared by dissolving 3.3 g. copper carbonate in 33 c. c. of conc. HCl] and 
heating the solution with excess of copper turnings. After coupling, the 
product was steam distilled when 2: 4-dichlorophenol separated out from the 
distillate in needle-shaped crystals, m. p.45, yield 3.2 g. (78-80% of the theo- 
retical). 


Preparation of 2: 4-Dichlorophenoxyacettc Actd—2 : 4-Dichlorophenol and 
monochloroacetic acid in equimolecular proportions were heated in minimum 
quantity of water with a slight excess of caustic soda until the solution was 
evaporated almost to dryness. The dried mass was then washed several times 
with 95% alcohol and then acidified with an excess of dilute hydrochloric acid. 
The 2 : 4-dichlorophenoxyacetic acid, thus formed, was filtered, washed several 
times with ice-cold water and dried. It was purified by crystallisation from 
benzene, m. p. 138", yield 85% of the theoretical. (Found : Cl, 32.3. Calc. Cl, 32.1 
per cent). 


Sincerest thanks of the author are due to Dr. J. K. Chowdhury, Head 
of the Department of Chemistry, Bose Institute, for his kind criticism and 
helpful guidance during the progress of this work. 


Bose Insrirure, CaLcurra, Received May 11, 1950. 
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CONDITION OF SPARINGLY SOLUBLE SALTS OF 
LEAD AND ZINC IN GELATIN 


By M. C. RastoGr AND A. C. CHATTERJI 


The condition of the sparingly soluble salts of lead and zinc in gelatin sol has been studied. 
E.M.F. of these salts in gelatin at various concentrations was measured and percentage of the 
cation of respective salts calculated. The low percentage definitely indicates that the sparingly 
soluble substances are not in ionic condition, as is required for supersaturation, but are in the 
colloidal state. 


In a previous communication (this /ournal, 1949, 26,529) it has been 
shown that almost all the sparingly soluble salts of copper and silver in 
gelatin are in the colloidal state. The study has been extended to salts of 
lead and zinc in gelatin. 


ExPERIMENTAL 


Lead nitrate (AnalaR) from B.D. H. was used in the preparation of 
the solutions, while in case of zinc a stock solution of zinc chloride was 
prepared by dissolving AnalaR zinc in hydrochloric acid (A. R.). The mixture 
was warmed gently until no further zinc dissolved. The solution was filtered 
and shaken with zinc hydroxide and kept for several days. The concentra- 
tion was determined by estimating boti zinc and chloride. They gave 
concurrent results. The results are :— 


Zinc ammonium phosphate in 10 c.c. of the-solution = 0.1770 g., 0.1772 g. 
Silver chloride in 10 c.c. of the solution = 0.2862 g., 0.2860 g. 
Normality of the soln. calculated from phosphate = 0.1985. 

Normality of the soln. calculated from chloride =0.1990 


Electrodes of lead and zinc were slightly amalgamated in order to prevent 
oxidation. Getman (/. Amer. Chem. Soc., 1928, 40, 6) showed definitely that the 
E. M. F. obtained with different specimens of lead cast sticks with electro- 
lytically deposited lead and with amalgam were practically identical. The 
electrode vessel used was of the type used by Getman ( /. Phys. Chem., 1932, 
36, 2655) and hydrogen was used to keep the solution and atmosphere in 
the electrode vessel free from oxygen. 


The other experimental work was carried out on the same lines as of 
Chatterji and Dhar (this /ourna/, 1930, 7, 177). The same preparation of 
gelatin was used throughout the experiments. The sparingly soluble salt 
was prepared by adding the salt solution of the respective metal to the 
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gelatin solution, then adding dropwise slowly with stirring the precipitating 
salt solution. The results are given below. The cell used was as follows :— 


5% Gelatin was used in each experiment (where M is Pb or Zn). 


E.M.F. 


0.08754 
0.08660 
0.08787 
0.09067 


0 10490 
0.10260 
0.09776 
0.09370 


0.10740 
0.09857 
0.09524 
0.09263 


0.09848 
0.09564 
0.09172 
0 08879 


0.04550 
0.05211 
0.06179 
0.07283 


E.M.F. 


0.11900 
0.1925 

0.09460 
0.08857 


0.11200 
0.09124 
0.08214 


0.09620 
0.07370 
0.09020 


TABLE I 


Conc. of the salt. 


With lead ferrocyanide. 


1000N'x 105 
500 


250 

120 
With lead oxalate 
1000N x 10° 

500 


250 
125 


With lead phosphate. 


1000N x 10° 
500 


250 
125 


With lead arsenate. 


1000 N x 10° 
500 


250 
125 


With lead iodide. 
100 N x 104 
50 


25 
12.5 


TABLE II 


Conc. of the salt. 


With zinc oxalate 
10000 NW x 10° 
5000 


2500 
1250 


With zinc chromate. 


10000 x 10° 
5000 
2500 


With zinc selenite. 
1000 N x 105 
500 


250 


Conc. of Pb present 
as ions. 


2.926 N x 10 
3.135 
2.847 
2.245 


0.736N « 10° 
0.886 
0.298 
1.740 


0.630 N x 10° 
1.220 
1.645 
1.951 


1.226 Nx 10° 
1.535 
2.090 
2.650 


8.210 N x 10 
4.867 
2.245 
0.940 


Conc. of Pb present 
as ions. 


2.721 N x 10° 
10.066 
18.870 
30.435 


4.664N x 10° 
24.590 
50.650 
1.6475 Nx 10° 


9.4050 
3.1460 





% Pb as ions. 


% Pb as ions. 


0.02721 
0 20130 
0.75480 
2.43580 


0.04664 
0.49180 
2.02600 


0.16475 
1.88100 
1.25840 
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DisecusSION 


From the foregoing results it is observed that in cases of lead ferrocy- 
anide, lead oxalate, lead phosphate and lead arsenate and of zinc oxalate, 
chromate and selenite, the percentage of respective cation, which is in 10nic 
condition, is small, whereas in case of lead iodide, it is found that the lead in ionic 
condition is more than that found in the other group. It may be observed 
that in this sparingly soluble salt the solubility of which is comparatively 
large, it has been found that the ionic condition of such salt is increased, 
whereas in case of salts which have low solublity, the percentage persent in the 
ionic condition in gel is small. This suggests that there is some relation between 
the ‘solubility and the power to form the supersaturated solutions. This is 
being studied in detail in this laboratory. 


Lucknow University, Lucknow. 





CHEMICAL LABORATORIES, Received August 23, 1950. 
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SYNTHESIS OF SUBSTITUTED ACETOPHENONES 
By A. B. Sen anv D. D. MUKERJI 


Ten nuclear substituted acetophenones have been prepared by the hydrolysis and 
simultaneous decarboxylation of the corresponding benzoylmalonic esters, and characterised 
through their oximes. 


Substituted acetophenones have so far been obtained by the following 
methods: (1) the hydration of the substituted phenylacetylenes (Gattermann, 
Ehrhardt and Maish, Ber., 1890, 23, 1202) and (2) the hydrolysis of substituted 
benzeylacetic esters (Thorp and Brunkskill, 7, Amer. Chem. Soc., 1915, 37, 
1258). Both of these methods, however, have been found unsuitable, as the 
first one involves a number of steps and the second one involving the use of 
acetoacetic ester, is unsatisfactory owing to low yields at one or more of the 
many stages involved in the synthesis of the ?-keto esters, mono- or di-alkylation, 
and eventual ketonic hydrolysis, sometimes under severe conditions (Renfrow, 
/. Amer. Chem. Soc., 1944, 66, 144). 


Recently Schofield and Swain (7. Chem. Soc., 1948, 384) have obtained 
o-nitroacetophenone by the hydrolysis of o-nitrobenzoylmalonic ester. It was 
further observed by them that good yields of the substituted benzoylmalonic 
esters could be obtained only by the condensation of two moles of sodiomalonic 
ester with one mole of an aromatic acid chloride. Following the method of 
these authors we have synthesised ten substituted acetophenones from 


appropriate substituted malonic esters. Our observations are also in accord with 
these authors. 


The substituted benzoylmalonic esters were subjected to hydrolysis with a 
solution of dilute sulphuric and acetic acids and the corresponding acetophenones 
isolated in the manner outlined in the experimental. 


COgEt ; CO,Et 
X€ Scoci+NacHK = XK »COCH 
- COsEt COsEt 


| H,SO,+AcOH 


X€  COMe+2CO2+2EtOH 


ExPERIMENTAL 
Preparation of the Actd Chlorides —The acid chlorides were prepared by 
the reaction of one mole of the acid with 15 moles of thionyl chloride. The 
boiling points and the yields of the chlorides are tabulated below. 
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Sr. Acid chloride. B. P. Yield. 
1 o-Nitrobenzoyl 148°/9mm. 98.6% 
2 m-Nitrobenzoy! 155°/18mm. 99.0 
3 p-Nitrobenzoyl 150°-152°/15mm. 97.2 
4 o-Chlorobenzoyl 110°/15mm. 95.5 
5 m-Chlorobenzoy! 225°/760mm. 96.4 
6 p-Chlorobenzoyl 112°/18mm. 90.0 
7 o- Tolubenzoyl 99°/14mm. 97.0 
8 p-Methorybenzoyl 145°/14mm. 97.0 
9 p-Acetaminobenzoy! Not distilled 72.5 

10 p-Bromobenzoyl 132°-135°/17mm. 96.0 


Preparation of the Aroylmalonic Esters—Freshly cut pieces of sodium 
(2.2 moles) were covered with dry benzene in a three-necked flask, fitted with 
a reflux condenser and a stirrer, and a solution of freshly distilled malonic 
ester (2 moles) in 1 mole of dry benzene was added in small lots to it. After 
the addition, the reaction was completed by refluxing on a water-bath for an 


hour. 


A solution of the acid chloride (1 mole) in dry benzene was gradually 
added with stirring during a period of 1 hour to an ice-cooled suspension of the 
sodiomalonic ester (2 moles) in dry benzene. A brisk reaction ensued with the 
separation of sodium chloride. The reaction mixture was then refluxed for 6 
hours, cooled and decomposed by the addition of ice and dilute sulphuric acid. 
The benzene layer was separated, washed with dilute sulphuric acid, then with 
water, and dried over anhydrous sodium sulphate. On removal of the solvent, 
the crude sodiomalonic ester was obtained. 


Actdolysts of the Aroylmalonic Esters.—The crude aroylmalonic ester was 
refluxed ona sand-bath for 4 hours with a mixture of 0.6 mole of acetic acid, 
0.08 mole of concentrated sulphuric acid and 1.45 moles water. The reaction 
mixture was cooled by adding ice, made alkaline with a 20% caustic soda solution 
and extracted with ether. The residue was fractionally distilled under reduced 


pressure. 
The following substituted acetophenones have been prepared by the 
procedure given above and characterised through their oximes. 














—_—_ = 


. 
- 








SYNTHESIS OF SUBSTITUTED ACETOPHRENONES 


Tas.e II 
Sr. No. Substituted B. P. or m. p. 
acetophenones. 
l o- Nitro B. p. 140°-145°/10mm. 
2 m- Nitro M. p. 79-80° 
3 p-Nitro M.p. 80-81° 
4 o-Chloro B. p. 108°-112°/10mm. 
5 m-Chloro B. p. 125°-130°/10mm. 
6 p-Chloro B. p. 115°/10mm. 
7 o-Methy] B. p. 90°-94°/10mm. 
§ p-Methory B. p. 138°-139°/10mm. 
9 p-Amino M, p. 107° 
10 p- Bromo M.p. 54 


CuHeMistrRy DePrarRTMENT, 


Lucksow Universrry, Lucknow. 


Yield. 


76.0% 


86.3 
96.0 
80.0 
75.0 
74.0 
91.2 


80.0 
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Melting point of oxime 


Found. 


115-17° 
130-32° 
170-72° 
102-04° 
88-90 
95° 

58° 
87-88° 
147-48° 


127-29° 


Recewed July 29, 1950. 


Lit. 


115° 
131° 
172° 
103° 
gg? 
95° 
61° 
87° 
148° 


128° 
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STUDIES IN KOLHAPUR FRESH-WATER FISHES 
By J. W. AIRAN 


Distribution of nitrogen in’ the crude proteins in the there varieties of fish (vans, kanas 
and kankut) has been determined. Distribution of sulphur as total sulphur, cystine sulphur 
and methionine sulphur has also been determined. 

In a previous communication (/nd. 7. Med. Res., 1950, 38, 169) the author 
reported as follows the crude protein contents of these three varieties of fish 
found in the Panchaganga river near Kolhapur : 


Fish. Scientific name. Crude protein in dried material. 
Vanx Cirrhina reba (Ham.) 70.00% 

Kanas Labeo calabasu (Ham). 68.44 

Kankut on 60.18 


The present investigation relates to the distribution of nitrogen in these 
crude proteins, determined according to the method of van Slyke (7. Biol. Chem. 
1911, 9, 185) as modified by Plimmer and Rosedale ( Biochem. /., 1925, 19, 1015) 
and by Cavett (/. Biol. Chem., 1932, 95, 335). 

The amino-acid contents of sardine were determined by chemical methods 
by Dunn (/. Biol. Chem., 1926, 70, 697). Sekima and Akiyama ( /. Chem. Soc. 
Japan, 1926, 32, 346) published the results of similar type of work on common 
fishes found along the Pacific coast; Rosedale (Arochem. J. 1929; 23 161) 
followed up by work on fishes available in the Singapore market. Basu and 
De (/nd./. Med. Res., 1938, 26, 177) appear to be the first in India to have 
undertaken this type of work on Indian fishes—the fishes from Bengal. 

The distribution of sulphur, in the present investigation, was ascertained 
by the estimation of total sulphur using peroxide bomb (Parr, /md. Eng. Chem., 
1909, 1, 689), their cystine sulphur according to the specific method of Callan 
and Toennies (/ud. Eng. Chem. Anal. Ed., 1941, 13, 450) and methionine- 
sulphur, according to that of Horn, Jones and Blum (/. Biol. Chem., 1946, 166, 
313). These findings are summarised in Table I. 


TABLE | 
Fish. Total sulphur Cystine sulphur Methionine sulphur. 
Vanz 2.418%, 1.619: 0.4072: 
Kanas 2.343 1.412 0.5450 
Kankut 2.452 1.659 0.5235 


EXPERIMEXNRTAL 


Preparation of Sample—The fresh fish was carefully skinned, and the 
edible portion of the flesh from the back near the middle of the body was cut 
out into very small pieces, and dried on a boiling water-bath, and then 
powdered. This powder was sieved through 1 mm. mesh, and freed from fat by 
extracting it with ether. It was then subjected to the various processes for the 
estimation of sulphur and of nitrogen. Total sulphur was estimated by using 
Parr’s peroxide bomb. 
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TABLE II] 
Fish. Crude protein. BaSO,. Sulphur. 
Vanx 0.200 g. 0.0352 g. 2.418% 
Kanas 0.200 0 0341 2.343 
Kankut 0.200 0.0357 2.452 


Cystine Sulphur—In each case 1 g. of protein and 10 g. of potassium 
permanganate were added to sodium hydroxide solution (6.4 g. in 150 cc. water). 
The mixture was refluxed on a water-bath for 48 hours, and the excess of 
permanganate removed with methyl alcohol. Then after acidifying the mixture, 
the insolubie portion was filtered off and the filtrate employed for the estimation 
of sulphur as barium sulphate in the usual manner. 


TABLE III 


Fish, BaSQ,. Sulphur. 
Vanx 0.1178 g. 1.619% 
Kanas 0.1028 1.412 
Kankut 0.1208 1.659 


Methoinine Sulphur—An accurately weighed amount of crude protein 
was refluxed ona sand-bath with 15 c.c. of 20% hydrochloric acid for 18 hours 
and then the hydrolysate was concentrated to nearly 5 c.c. and treated with a 
small quantity of vegetable charcoal, filtered, and made up to 100 cc. Fifty c.c. 
of this were concentrated down to less than one fifth of its volume, and then 
after filtration, made exactly to 10 cc, Twocc. of this were taken for each 
colorimetric estimation, using Duboscq colorimeter. For purposes of comparison, 
an authentic sample of methionine was obtained from the B.D. H. A “blank” 
was run, which developed no colour. The readings obtained are as shown 
below. 


TABLE IV 


Fish. Amount Colorimetric readings Calculated amount Percent. 
taken. Unknown. Standard. of methionine in 
the total sample. 
Vanx 0.6 g. 35 20 
26.5 15 0.01138 g. 1.896%, 
42.2 24 
Kanas : 12.5 16.5 
16 212 0.01517 2.5283 
21 7.5 


Kankut 
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Two cc. of the “standard” taken for comparison contained 0.002 g. of 
methionine. 

Disiribution of Nitrogen—The crude protein (6 g.)was hydrolysed with 
100 c.c. of 25% hydrochloric acid ona sand-bath for 36 hours. The details of 
treatment were similar to those described by Plimmer and Rosedale (/oc. ctt.). 

The estimation of nitrogen was carried out according to the Kjeldahl 
method as modified by Shedd (/. Assoc. Of. Agr. Chem., 1927, 10, 50). The 
results are tabulated below indicating the nitrogen distibution in the crude 
proteins of these three varieties of fiish. 


TABLE V 
Nitrogen calculated at 16% nitrogen (percent) 
Vanz. Kanas Kankut. 
Amide 0.333 0.333 0.422 
Humin 1.2505 1.119 1.125 
Diamino fraction. 
Arginine 12.775 11.169 12.891 
Amino 19.325 16.700 21.287 
Non-amino 17.662 f 10.160 13.544 
Hystidine 0.706 2.680 4.700 
Cystine 4.424 3.859 4.535 
Lysine 19.076 9.151 12.665 
Monoamino fraction. 
Amino 37.900 35.754 37.070 
Non-amino 4.320 3.197 1.900 
Total 80.7845 67.263 75.308 


In all these samples the proportion of cystine appears to be very high. 
But previously the author and his co-workers (/. /nd. Med. Res., 1950, 38, 259) 
had found a similar instance in Shivada (Wallagonta attu, Bloch) as against 
Maral (Ophicephalus leucopunctatus, Sykes) where it was only 2.857%. Histidine 
contents of Vanz appear to be comparatively very low. Of the three varieties, 
Vanx is the most popular in the local market. 

The author is grateful to the Administrator of the former Government of 
Kolhapur for research grant for this work. 


CueEemistry DEPARTMENT, 
RasarRaM Couiree, Kotupvr. Received August 12, 1950. 
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A NOTE ON CORCHORIN, A BITTER PRINCIPLE OF 
CORCHORUS CAPSULARIS (JUTE SEEDS) 


By D. N. CHAUDHURY AND PaRESH CHANDRA DuTTra 


Corchorin a bitter principle of Corchorus capsularis (Jute seeds), which 
was isolated by Sen (this /ourna/, 1930, 7, 83) as almost colorless, rhombic 
prisms, m. p. 174-75°, has been described by him as a glucoside having the 
formula CogH3¢QOxg ; on hydrolysis Sen (267d, 1930, 7, 905) obtained glucose and 
corchogenin, C;g,Hg¢gQOsz, m.p. 113-14. 


As the structure of corchorin had not been definitely established, the 
problem was undertaken by us in July last. Since the method of isolation 
described by Sen (/oc. cz4.) appeared to be very cumbersome and lengthy. we 
have developed a much easier method of isolation leading toa better yield 
of corchorin. During our degradation experiments on corchorin we have 
come accross a paper on ‘Constituents of the seeds of Corchorus olttorius, L.” by 
Gabra Soliman and (in part) Wahba Saleh (/7. Chem. Soc., 1950, 2198) in which 
they have fully established the identity of corchorin with strophanthidin. Due 
to obvious delay in mails, this copy of the journal reached us only in November, 
1950, and as such, further work in this line has been abandoned. As our 
method of isolation is different and much simpler and also gives much better 
yield, we communicate this for publication. The melting point of the acetyl 
derivative prepared by us, 242° (d) is the same as reported by these authors. 


Tsolation—The seeds of Corchorus capsularis were finely crushed in 
acrusher and extracted in four batches of 500g. each with benzene by cold 
percolation to remove the oil. The defatted seeds, thus obtained, were then 
exhaustively extracted with acetone ina large Soxhlet apparatus, the acetone 
was distilled off and the residue was taken up in water (3 litres), the aqueous 
solution treated with lead acetate and after removing the precipitated volamite 
and saponin, the excess of lead was removed by hydrogen sulphide and 
subsequent filtration. The red coloured filtrate on standing overnight 
deposited crystals of corchorin which were filtered off. Concentration of the 
mother-liquor to a small bulk (500 c.c.) on the water-bath gave a further 
crop of dirty white crystals of corchorin (total yield, 215 g.). On repeated 
crystallisation from dilute ethyl and methyl alcohols it was obtained as almost 
colorless rhombic prism, m.p. 174-75°, but traces of colouring matter persisted 
even on charcoal treatment. A very pure, colorless specimen, m.p. 177-78", 
was, however, obtained by passing its alcoholic solution through a column of 
Brockmann alumina. 


CHEMICAL LABORATORY, Received December 1, 1950. 
G. B. B. Cottecg, MuzarraRpur. 
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STUDIES IN INDIGOID DYES. PART XI]. PHENANTHRA- 
THIOPHENE-INDIGOS 


By PaRESH CHANDRA Doutta AND D. N. CHAUDHURY 


Some thioindigoid dyes from 3-thiolphenanthrene and 2-thiolphenanthrene, similar to those 


obtained from 9-thiolphenanthrene (Dutta, this Jaurnal, 1949, 26, 27), have been synthesised from the 
point of view of colour in relation to chemical constitution. 


The syntheses of the thioindigoid dyes described in this paper involve the initial 
preparation of the hitherto unreported 2-thiolphenanthrene from pure potassium 
2-phenanthrene sulphonate ( ‘‘ Organic Synthesis’’, Coll. Vol. 11, p. 482) by its conversion 
into sulphochloride and subsequent reduction. Corresponding to the derivatives of 3-thiol- 
phenanthrene (Field, J. Chem. Soc., 1915, 107, 1214) and 9-thiolphenanthrene (Dutta, 
this Journal, 1941, 18, 469) the derivatives of 2-thiolphenanthrene have been prepared. 
Part XI of this series of papers (Dutta, this Journal, 1949, 26, 27) dealt with the 
preparation and properties of thioindigoid dyes derived from 9-thiolphenanthrene and the 
present communication deals with similar dyes derived from 2- and 3-thiolphenanthrenes 
through their thioglycollic acids and their subsequent cyclisation to 2:1- and 3:4-phenanthra- 
2'-ketodihydrothiophenes (1V, 1JI) corresponding to 9:10-phenanthra-2'-ketodibydrothio- 
phene (V). Since, for the formation of a five membered ring in the cyclisation of f-3- 
and §8-2-phenanthrylpropionic acids (Bachmann and Kloetzel, J. Amer. Chem. Soc., 
1937, 59, 2207; Bergmann and Hillemann, Ber., 1933, 66, 1302 ; Hillemann, Ber., 1936, 
69, 2610) ring-closure takes place in positions 4 and 1 respectively, it would appear that 
out of the two possibilities in the direction of the ring-closure, phenanthrene-3-and-2-thiogly- 
collic acids would similarly cyclise at positions 4 and 1 respectively for the formation of a 
five membered ring and therefore they can be represented according to the following 
structures. The cyclisation of phenanthrene-9-thioglycollic acid (loc. cit.)at position 10 
is in conformity with the accepted view of the greater reactivity of the g:10-position of 


the phenanthrene ring. 
ies Crt 
=C 3 2 
oe A, ASP 
(¢ 2 | € 
mx Foy 
A474 YN 0 VY ye 
hy 7 
8 9 (III) (IV) (V) 


The oxidation of the oxythiophene (III) by the usual procedure yielded the bis- 
compound (V1), whereas its condensation with phenanthraquinone, acenaphthaquinone 
and isatin produced the dyes (JX), (XII) and (XV) respectively. 
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(XV) 





(X11) 


Similar corresponding dyes have also been prepared from the oxythiophene (IV) 


and a comparison of the colour of the thioindigoid dyes, prepared from all the three 
isomeric phenanthra-2’-ketodihydrothiophene, is tabulated below. 


(VI) 
(VII) 
(Vill) 
(1X) 
(X) 
(XI) 
(XII) 
XIII) 
(XIV) 
(XV) 
(XVI) 
(XVII) 


TABLE I 


P stands for phenanthrathiophene. 


Compound. 


bis-3 :4-P-indigo 
bis-2:1-P-__,, 
bis-g:10-P-_,, 


3 :4-P-g-phenanthrene-indigo 
2:1-P- a - 

g :10-P- - sa 

3 :4-P-2’-acenaphthylene-indigo 
2:1-P- me - 
9:10-P- ” 

3 :4-P-3'-indol-indigo 

2:1-P- i om 

g :10-P- ” ” 


Colour of crystals. 


Colour of 

pyridine soln 
Dark violet Violet 
Chocolate Reddish brown 
Chocolate Brown 
Violet Krownish violet 
Brownish violet Chocolate 
Chocolate Brownish red 
Dark violet Purple 
Purple Red 
Red Orange-red 
Deep violet Purple 
Violet Pinkish red 
Deep red Pinkish red 





Co'our of 
nitrobenzene soln. 


Dull violet 
Reddish brown 
Yellowish brown 
Purple 
Chocolate 
Purple 

Purple 

Bright red 
Red 

Purple 

Red 

Purple 
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From a comparison of the colour of these isomeric phenanthrathiophene indigos it 
has been found that the 3:4-compounds are the deepest which was anticipated in accord- 
ance with the view of one of the authors (Dutta, Ber., 1934, 67, 1319; 1935, 68, 1447 ; 
1936,69,2343). 

The dyes are lustrous and are very soluble in pyridine and nitrobenzene, moderately 
soluble in benzene and ethyl ac2tate and insoluble in alcohol. As they are found to be 
almost insoluble in alkaline hydrosulphite, a comparative study of the shades imparted 
by them on cotton could not be made. A study of the absorption spectra of these dyes 
will be communicated in a subsequent paper. 


EXPERIMENTAL 


Phenanthrene-3-thiogiycollic Acid.—Sodium carbonate solution (10%, 400 c.c.) con- 
taining 3-thiolphenanthrene (8.2 g.) was heated on the water-bath with occasional shaking 
for about half an hour and the resulting turbid solution was filtered from a little undissoi- 
ved oily residue, the filtrate treated with monochloroacetic acid (4 g.), previously neu- 
tralised with sodium carbonate solution, and further heated on the water-bath for an hour, 
cooled and filtered. Acidification of the filtrate with hydrochloric acid (Congo red) 
precipitated the thioglycollic acid as a white crystalline mass which was filtered, air-dried 
(9.5 g.) and-crystallised from benzene in silky needles (8.7 g.), m.p. 146°. (Found: C, 
71.55; H, 4.53- CicH1202S requires C, 71.64 ; H, 4.47 per cent). 

bis-3:4- Phenanthrathiophene-indigo (Vi).—A mixture of the finely powdered and 
catefully dried phenanthrene-3-thioglycollic acid (5.36 g.), suspended in dry petroleum 
ether (b.p. 60°-80°, 50 c.c.), phosphorus pentachloride (4.2 g.) and three drops of pyridine 
as a catalyst was refluxed on the water-bath for about half an hour until everything went 
into solution, which, when thoroughly cooled in a freezing mixture, deposited the acid 
chloride as a clear oil at the bottom from which the clear supernatant liquid containing 
the phosphorus oxychloride was carefuliy decanted off. The oil was redissolved in petro 
leum ether (40 c.c.) and the solution treated with freshly prepared powdered anhydrous 
aluminium chloride (5 g.) at the room temperature; the mixture was refluxed on the water- 
bath until the evolution of hydrochloric acid gas had ceased and gradually a dark red com 
plex formed. After distilling off the petroleum ether the residue was decomposed with a 
mixture of crushed ice and hydrochloric acid (conc.), the resulting yellowish sticky mass of 
the thioindoxyl was extracted with ethyl acetate, washed once with dilute hydrochloric 
acid and thrice with water and the ethyl acetate distilled off. The yellow residue was 
extracted several times with warm dilute caustic soda solution (5%) and quickly filtered, 
as on standing the solution rapidly became green due to oxidation in air. On the 
addition of finely powdered potassium ferricyanide in excess to the alkaline filtrate the 
bis-indigo precipitated out as a reddish violet mass which was filtered off, washed with 
water and air-dried. It was purified by repeatediy extracting with hot ethyl acetate and 
the combined violet-rea extract after filtration was concentrated, treated with petroleum 
ether and the precipitate so obtained was again dissolved in ethy! acetate, filtered and con- 
centrated to a sinall bulk ; on standing it gradually deposited the bis-compound as a dark 
violet, lustrous crystalline mass, which siutered at 207 and melted at 226°. (Found: C, 
77.23 ; H, 3.31. Cs2H,.0.S, requires C, 77.42 ; H, 3.32 per cent). 
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As the oxythiophene was readily oxidised in air its purification was found to be 
extremely difficult and as such it was immediately condensed with the various diketones 
as noted below. 

3:4-Phenanthrathiophene-o'-phenanthrene-indigo (IX).—Phenanthraquinone (0.5 g). 
dissolved in acetic acid (30 c.c.) was added to the filtered solution of 3:4-phenanthra-a’-keto- 
dihydrothiophene (0.6 g.) in acetic acid (25 c.c.) and the mixture heated for ten minutes 
with the addition of hydrochloric acid (1 c.c., d1.19) when a dark precipitate immediately 
separated out which was filtered, washed with a little acetic acid and finally with alcohol. 
The residue after digestion with boiling alcohol was filtered and repeatedly extracted 
with hot benzene, and the combined extracts concentrated toa small volume ; on standing 
it gradually deposited the thioindigo as a dark chocolate, lustrous, crystalline mass 
sintering at 204°, m.p 245°. (Found : C, 81.75 ; H, 3.78. Cso0H,.O.S requires C, 81.82 ; 
H, 3.63 per cent). 

3:4-Phenanthrathiophene-2'-acenaphihylene-indigo (XII) was prepared in the same 
way as the previous compound from acenaphthaquinone (0.45 g.) and 3:4-phenanthra-2’- 
ketodihydrothiophene (0.6 g.) in acetic acid solution with traces of hydrochloric acid, and 
purified in the same way. The concentrated benzene solution on slow evaporation at 
room temperature yielded a dark shining crystaliine mass, decomposing at 254°. (Found: 
C, 80.96; H, 3-48. C2sH,.0,5 requires C, 81.15; H, 3.38 per cent). 

3:4-Phenanthrathiophene-3'-indol-indigo (XV) was obtained as the previous com- 
pounds by condensing the 3:4-phenanthra-2’-ketodihydrothiophene (0.6 g.) and isatin (0.4 g.) 
in acetic acid in presence of traces of hydrochloric acid. The indigo was purified from 
hot benzene like the previous compounds and obtained as a dark crystalline mass, m.p. 
230° with previous sintering at 212°. (Found: C, 75.81; H, 3.52. C.H,,0.NS 
requires C, 75-09 ; H, 3.43 per cent). 


2-Thiolphenanthrene (I, R=H) 


ds S—R aq SA 
oe geatapee Oana: 
| | 
pe ph 
(I) (TT) 


A mixture of pure potassium 2-phenanthrene sulphonate (purity determined by 
preparing the -toluidine salt) (40 g.) and phosphorus pentachloride (50 g.) was 
treated with phosphorus oxychloride (10 c.c.) and heated in an oil-bath at 140° 
under reflux for one hour. After distilling off the oxychloride (bath temperature, 
140°-160°), the semisolid residue was treated with crushed ice and left overnight. The 
sulphochloride, obtained as a white solid, was filtered, thoroughly washed with water, 
mixed with zinc dust (160 g.} and to the mixture sulphuric acid (240 c.c. diluted with 
720 ¢.c. of water) was gradually added. When the reaction had slackened at room tem- 
perature, the mixture was refluxed for 3 hours with frequent shaking, cooled, filtered and 
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the residue after washing with water was extracted repeatedly with hot ether, and the 
combined extract was dried over fused calcium chloride. Evaporation of the ether left 
the 2-thiol compound as a yellowish white crystalline solid (17 g.) which, when distilled 
in vacuum, yielded the pure compound (b.p. 228°/o.1 mm.) as white glistening plates 
(14 g.). Crystallisation from petroleum ether (b.p.60°-80°) gave the very pure compound 
in shining white plates, m.p.112-13°, yield 12g. It became yellowish on keeping. 
(Found : S, 15.19. C:sHyeS requires S, 15.24 per cent). 

Phenanthrene-2-disulphide (I11).—An alcoholic solution of iodine in slight excess 
when added to a solution of 2-thiolphenanthrene (0.5 g.) in alcohol (50 ¢.c.) immediately 
separated yeliowish white crystals. To ensure completion of the reaction, the mixture 
was refluxed on the water-bath for half an hour, cooled, the crystals filtered and recrys- 
tallised from benzene in colorless needles, m.p. 177°. (Found: S, 15.28. CysHisS. 
requires S, 15.31- per cent). 

2-Acetylthiolphenanthrene (I,R =COMe).—A mixture of 2-thiolphenanthrene (0.5 g.) 
and acetyl chloride (1.5 c.c.) was refluxed on a water-bath for 2 hours when an almost 
colorless solution was obtained. The reaction mixture on cooling solidified to a 
crystalline mass which was allowed to stand overnight in contact with water; the crystals 
were filtered off and washed with dilute caustic soda solution, followed by water. 
Recrystallisation from alcohol yielded the pure product in beautiful colorless, felted 
needles, m.p, 121°. (Found : S, 12.56. C,.H,,OS requires S, 12.7 per cent). 

2-Benzoyithiolphenanthrene (1, R=COPh).—2-Thiolphenanthrene ‘0.5 g.) was 
heated with benzoyl chloride (1.5 c.c.) in an oil-bath at 150°-160° for 3 hours and the 
slightly coloured reaction mixture on cooliug solidified to a thick paste, which was 
allowed to stand in water overnight. The solid residue after filtration was recrystallised 
from a large volume of alcohol in clusters of colorless needles, m.p. 151°. (Found: S, 
9.96..C3,H,.OS requires 5, 10.19 per cent). 

2-Methylthiolphenanthrene (I, R=Me).—The vigorous reaction of 2-thiolphenanth- 
rene with methyl sulphate in alkaline solution (cf. 9-methylthiolphenantnrene, loc. cit.) 
gave a product which could not be crystallised. Hence the following method was 
adopted for its successful preparation, 

2-Thiolphenanthrene (0.5 g-), dissolved in anhydrous acetone (30 c.c.), was heated with 
excess of anhydrous potassium carbonate and methyj iodide (1.5 c.c.) under an efficient 
reflux for 2 hours. The solution after filtering off the potassium carbonate was evapora- 
ted to dryness when a slightly coloured solid residue was left behind. Repeated 
crystallisation from alcohol yielded the pure product as colorless rosettes of needles, m.p. 
126°. (Found : S, 13.93. CisHi2S requires 5, 14.28 per cent). 

Phenanthrene-2-thioglycollic Acid.—2-Thiolphenanthrene (8.2 g.) was prepared in 
a manner similar to phenanthrene-3-thioglycollic acid. The sodium salt of the thiogly- 
collic acid, unlike its other isomers, which are soluble, immediately solidified to a white 
crystalline mass. After heating for half an hour the reaction mixture was cooled, thorou- 
ghly agitated with hydrochloric acid until acidic (Congo red; and allowed to stand over- 
night. The thioglycollic acid was filtered, washed with a little water and after drying 
recrystallised from benzene in small rosettes of needles, m.p. 162°, yield 9g. (Found: 
C, 71.51; H, 4-57. CicHi20,5 requires C, 71.64 ; H, 4.47 per cent). 
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bis-2:1-Phenanthrathiophene-indigo (V1I) was prepared in a similar Way as 3:4- 
isomer (vide supra) from pure dry phenanthrene-2-thioglycollic acid {2.68 g.), as 
a chocolate mass having a metallic lusture. The filtered precipitate was washed 
thoroughly with water, digested with boiling alcohol in which it was almost insoluble 
and filtered. The air-dried residue was then dissolved in benzene, filtered from 
a little insoluble matter, the filtrate concentrated to a small bulk which on slow evaporz- 
tion at room temperature deposited the bis-compound as a shining chocolate crystalline 
mass, m.p. 197-98°. (Found: C, 77.19; H, 3.28. Cs;.H,.0.5, requires C, 77.42; 
H, 3.22 per cent). 

2: 1-Phenanthra-2’-ketodihydrothiophene rapidly underwent oxidation in air and 
as such like its 3: 4-isomer it was immediately condensed with various o-diketones given 
below. 

2: 1-Phenanthrathiophene-g’-phenanthrene-indigo (X).—Phenanthraquinone (v.52 
g-), dissolved in hot glacial acetic acid (30 c.c.), was mixed with the filtered 
solution of 2: 1-phenanthra-2’-ketodihydrothiophene ‘0.72 g.) in glacial acetic acid (ro 
c.c.) and refluxed for ten minutes with the addition of a little hydrochloric acid when a 
dark chocolate precipitate separated out. The filtered residue was thoroughly washed with 
glacial acetic acid followed by aicohol, and after digestion with boiling alcohol in 
which it was almost insoluble, it was dissolved in boiling benzene and filtered. The 
fiitrate on concentration to a thick syrup deposited the dye as a brownish violet crys- 
talline mass, sintering at 218°, m. p. 258°. ‘Found: C, 81.63; H, 3.71. CsoH,.0.S 
requires C, 81.82; H, 3.63 per cent). 

2: 1-Phenanthrathiophene-2'-acenaphthylene-indigo (XIII) was prepared in the 
same way as the previous compound by condensing acenaphthaquinone (0.45 g.-) 
with 2: 1-phenanthra-2’-ketodihydrothiophene (0.6 g-.) in acetic acid solution in 
presence of hydrochloric acid. It was purified as the foregoing compound and was 
obtained as a purple crystalline mass, m.p. above 290°. (Found: C, 80.83; H, 3.41. 
C.sH,,0.5 requires C, 81.15; H, 3.38 per cent). 

2: 1-Phenanthrathiophene-3'-indol-indigo was obtained as the above compounds 
from 2: 1-phenanthra-2'-ketodihydrothiophene (0.62 g.) and isatin (0.37 g.). It was 
crystallised from nitrobenzene in lustrous violet needles, m.p. above 290°. (Found : 
C, 75.83 ; H, 3.48. C.,H,,0O.NS requires C,; 75.99; H, 3.43 per cent). 


CHEMICAL LABORATORY, 
G. B. B. CoLnece, MUZAFFARPUR, Received June 12, 19§0. 
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AZINE DYES DERIVED FROM 3:4- AND 2:1-PHENANTHRA- 
THIOPHENE-2’: 3'-DIONES 


By D. N. CHAUDHURY AND PARESH CHANDRA DuTTA 


Azine dyes derived from 3 :4- and 2:1-phenanthrathiophene-2’ :3’-diones are described 

3:4- and 2:1-phenanthrathiophene-2’:3’-diones have been obtained by the interaction 
of oxalyl chloride with the corresponding 3-thiol-‘Field, J. Chem. Soc., 1915, 107, 1214) 
and 2-thiol-(Dutta and Chaudhury, this issue, p. 169) phenanthrenes respectively, followed 
by cyclisation with anhydrous aluminium chloride. The reasons for accepting the 
proposed structures of the diones have already been dealt with in another communication 
in this issue (loc. cit.). The diones have been condensed with ortho-diamines 
viz., o-phenylenediamine, 2:3-diaminoquinoxalin and 2:3-diaminophenazine to yield 
the corresponding azines, the colour of which deepens as usual with the increase 
in the number of azine rings in the molecule. ‘The following table gives a comparison 
of the colour of these compounds and their dyeings on wool with those of the 9:10-isomers 
(Dutta and Sinha, this Journal, 1941, 18, 477). It is now found that the position of the 
additional 5-membered ring in the phenanthrene nucleus has very little effect on the 
colour of these azine dyes unlike the dyes of the thioindigoid series. 


TABLE I 
P stands for phenanthrathiophene. 
Compound. Colour of the compounds. Colour of dyeings on wool. 

9 :10-P-phenazine Sulphur-yellow Yellow 
34 ,, Deep yellow Pale yellow 
as, Yellow Light vellow 
Quinoxaline-9 :10-P-azine Duli red Orange 

»» 3:4-P- ,, Deep red Brown 

a 2:3-F- ,, Red Orange-yellow 
9 :10-P-phenaz‘nazine Chocolate Chocolate 
3 :4-P- aa Dark chocolate Chocolate 
2 :1-P- a Dark chocolate Chocolate 


EXPERIMENTAL 
3:4-Phenanthrathiophene-2':3'-dione (1) 


o=—s 
»} 
pow 


ve 
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3-Thiolphenanthrene (5 g.) was treated with oxalyl chloride (10 c.c.) and the mixture 
left overnight at room temperature. The excess of oxalyl chloride was then distilled 
off and the residue after the additjon of carbon disulphide (20 c.c.} was treated slowly 
with powdered anhydrous aluminium chloride (6 g.) and refluxed for an hour when gradu- 
ally a dark violet complex formed. The carbon disulphide was next distilled off, the 
residue treated with crushed ice and hydrochloric acid (conc.), filtered and washed. 
For purification, the residue was repeatedly extracted with warm dilute sodium carbonate 
solution (10%) and the product obtained as a red precipitate by acidifying the reddish 
yellow alkali solution with hydrochloric acid. Recrystallisation from a large volume of 
hot alcohol and then from glacial acetic acid yielded the pure product in fine red needles, 
m. p. 239-40°. (Found: C, 72.68; H, 3.17. Ci.H;O.S requires C, 72.72; H, 3-03 
per cent). 


3:4-Phenanthrathiophene-phenazine (11) 


con: 


Xs) | 


A\/\4 


5 


o-Phenylenediamine (0.8 g.) was added toa solution of 3:4-phenanthrathiophene- 
2’:3'-dione (0.2 g.) in acetic acid ‘15 c.c.) and on shaking the colour of the solution 
immediately became lighter with the separation of fine yellow needles. ‘The reaction 
mixture was boiled for 15 minutes, filtered hot and the crystals washed with acetic acid 
and finally with alcohol. It was crystallised from pyridine in golden yellow needles, 
m. p. 7% It dissolves in concentrated sulphuric acid with a beautiful violet colour. 
(Found: C, 78.48 ; H, 3.69. C.2H,.N.S requires C, 78.57 ; H, 3.57 per cent). 


Quinoxaline-3:4-phenanthrathiophenazine (III) was prepared from 3:4-phenanthra- 
thiophene-2’:3'-dione (0.3 g.) and 2:3-diaminoquinoxaline (0.15 g.) in glacial acetic acid 
(5 c.c.) as discribed above. It was crystallised from pyridine in beautiful felted red 
needles, m. p. above 290°. It dissolves in concentrated sulphuric acid with a greenish 
blue colour. (Found: N, 14.13. C2.H,.N,S requires N, 14.43 per cent). 


3:4-Phenanthrathiophene-phenazinazine (V) was prepared as stated above from 
3:4-phenanthrathiophene-2’:3’-dione (0.3 g.) and 2:3-diaminophenazine (0.2 g.). It was 
purified by dissolving it in the minimum quantity of hot pyridine and diluting with 
water just to turbidity; on standing gradually chocolate crystalline mass separated out, 
m. p. above 290°. It dissolves in concentrated sulphuric acid with a green colour. 
(Found: N, 12.58. C.,H,,N,S requires N, 12.78 per cent), 
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2:1-Phenanthrathiophene-2':3'-dione (V) 


2-Thiolphenanthrene (2 g.) was treated with oxalyl chloride ‘4 c.c.) and on slight warm- 
ing gradually the thiol compound dissolved with a yellowsolution which after ashort time 
solidified to a red crystalline mass. After allowing it to stand for 24 hours the excess of 
oxalyl chioride was distilled off, carbon disulphide (20 ¢.c.) added and treated with pow- 
dered anhydrous aluminium chloride (2.4 g.). The reaction mixture was refluxed on the 
water-bath for an hour until the evolution of hydrochloric acid ceased; the carbon disul- 
phide was next distilled off and the residue decomposed with a mixture of crushed ice 
and concentrated hydrochloric acid. ‘The product after filtration was extracted with 
benzene, the red benzene extract concentrated when a red crystalline mass, contaminated 
with a yellow substance, was obtained. For purification, it was extracted with warm 
sodium carbonate solution (10%) and the extract on acidification with hydrochloric acid 
precipitated the dione as a red mass which on two crystallisations from a large volume 
of hot alcohol yielded the pure product as red needles, sintering at 226°, m.p. 232°. 
(Found: C, 72.65; H, 3.13. C,«H,O.S requires C, 72.72; H, 3.03 per cent). 


2:1-Phenanthrathiophene- phenazine (VI) 


S N 
yyy} 
‘i c Sa tee 
sz 


o-Phenylenediamine (0.75 g.) and 2:1-phenanthrathiophene-2’:3'-dione (0.25 g ) 
were dissolved in hot glacial acetic acid (15 c.c.) when the colour of the solution immedia 
tely became lighter and yellow needles separated out. The reaction mixture on being 
refluxed for 15 minutes was filtered, the crystals washed with glacial acetic acid, followed 
by alcohol and recrystallised from pyridine in golden yellow glistening needles, m.p. 
274°. It dissolves in concentrated sulphuric acid with a green colour. ‘Found: N, 
8.27. C.2H,.N,S requires N, 8.33 per cent). 

Quinoxaline-2:1-phenanthrathiophenazine (VII) was prepared as above from 2:1- 
phenanthrathiophene-2’ ; 3’-dione (0.3 g.) and 2:3-diaminoquinoxaline (0.15 g.)._ Recrys- 
tallisation from benzene gave the product in beautiful red silky needles, m. p. 
230°. It dissolves in concentrated sulphuric acid ‘with a violet colour. (Found : 
N, 14.39. Cg,H,.N,S requires N, 14.43 per cent). 

2—1777P—4. 
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2:1-Phenanthrathiophene-phenazinazine (VIII) 


It was prepared from 2:1-phenanthrathiophene-2’:3'-dione ‘0.3 g¢.) and 2:3-diamino- 
phenazine (0.25 g.) as described above. For purification, it was dissolved in the 
minimum quantity of hot pyridine and diluted with water just to turbidity ; on standing 
gradually a dark chocolate crystalline mass separated out, m.p. above 290°. It dissolves 
in concentrated sulphuric acid with a blackish violet colour. (Found: N, 12.69. 
C.,H,,.N,S requires N, 12.78 per cent). 


CHEMICAL LABORATORY, Received June 12, 1950. 
G.B.B. COLLEGE, MUZAFFARPUR. 
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COAGULATION OF COLLOIDS AND A TIME CONCENTRATION 
EQUATION ON THE PRECIPITATION EFFECT OF 
ELECTROLYTES. PART I 


By ABANI K. BHATTACHARYA AND RAMA KUMAR 


A simple equation has been found to connect the concentration of precipitating electrolyte and 


the corresponding time of coagulation of As,S3; sol. The equation has the form C=a+b.1/t where a 


and b are constants, c, the concentration of electrolyte and f, the time of coagulation. 

The constants a+ 6 have been interpreted. ‘a‘ has been explained as the critical concentra- 
tion to coagulate the sol in infinite time and ‘b’ has been explained as the excess of concentration over 
the critical value ‘a’, which is necessary to coagulate the sol in unit time. 


The coagulation of colloids has been extensively studied by numerous authors and 
various suggestions have been advanced by eminent workers in this field (Smoluchowski, 
Freundlich, Zsigmondy, Weiser, Kruyt, Dhar, Ghosh, Mukherjee, Joshi and others) 
to explain the mechanism of rapid and slow coagulations. Freundlich (/olloid Z., 
1918, 28, 163) has shown that velocity of slow coagulation of hydrophobic sols in- 
creases very much with the concentration of the coagulating electrolyte, whilst for 
rapid coagulation it remains constant and is independent of the nature and concentra- 
tion of the coagulating electrolyte. He has explained the rapid increase in the velocity 
of slow coagulation by the assumption that the charges on the particles produce a re- 
pulsion and only those particles are coagulated the kinetic energy of which is greater 
than a certain critical value, and that the number of particles having energy greater 
than the critical value, increases with the concentration of the electrolyte. Kruyt and 
von Arkel (Chem. Weekblad, 1919, 16, 220) measured the concentration effect of 
electrolytes on the rate of coagulation of the hydrosol of seienium by directly counting 
the particles and observed the optimum concentration of KCl which had brought about 
coagulation at a measurable rate. Westgren {Arkiv Kemi Min. Geol., 1918, 7, No. 6) 
studied the rate of slow coagulation of gold sols by observing colour changes and found it 
to be dependent on the concentration of the coagulating electrolyte. 

Smoluchowski (Z. Physik, 1917, 92, 129} has derived on mathematical conception 
his ingenious equation 

ie o —? 
1+t/r 
which has been worked upon by many authors and has been found to be agreeable with 
rapid coagulations, but not with slow ones. 

The process of coagulation by the charge neutralisation of colloidal particles is so 
complex that none has been tco sure of the exact mechanism of the phenomenon at 
various stages that follow afte: the addition of electrolyte to a particular sol. In spite 
of the extensive amount of work that has been undertaken so far in order to elucidate 
the phenomenon of coagulation, it is yet interesting to study the relationship between 
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the time of coagulation and the concentration of electrolyte and to explain the observed 
result on mathematical ground, if possible. 

In this paper we communicate some of our experimental values on the coagulation 
of As.S, sol by a few electrolytes and their time-concentration effect. ‘The concentra- 
tion of the electrolyte ‘c’ and the time of coagulation ‘t’ appear to be connected by a 
simple equation, 

c=atb. 1/t, 


where ‘a’ and ‘b’ are constants. This equation may be regarded as an empirical one 
for the present. 


EXPERIMENTAL 


Arsenious sulphide sol was prepared by passing slow bubbles of H,S into distilled 
water into which a solution of As,0; was added dropwise slowly. Excess of H,S 
was removed from the sol by bubbling pure hydrogen till the sol was free of the 
smell of H.S. In the literature we find severai methods mentioned by which the co- 
agulation point of a sol has been determined. The most simple method worked upon 
by various authors is to determine the coagulation point by arranging several test 
tubes containing the same quantity of soi and keeping its total volume constant by 
mixing variable quantities of water and electrolyte. The coagulation point is the 
stage when agglomerated particles just begin to leave the surface. We modified this 
method by arranging five test tubes containing the same amount of sol (5 c.c.) and the 
same quantity of electrolyte, the total volume being always ioc.c. The time of co- 
agulation in each test tube was noted and the average was recorded. The same series 
was repeated with different amounts of the electrolyte and the time-concentration 
effect was studied at three different dilutions of the As,S, sol. The observations on the 
time and concentration are recorded in the following tables and a representative curve, 
obtained by plotting ‘c’ against ‘1/t’, is shown. 


TABLE I 
Coagulation with LiCl. 


Amount of As,S, per litre of sol = 1.662 g. ‘Dilution A). 


LiCl added Time of LiCl added Time of LiCl added Time of 

in mM (iit. coagula- in mM /lit. coagula- in mM/lit coagula- 
of sol. tion. 1/t. of sol. tion. 1/t of sol. tion 1/t 
(c} tt) (c) (t) {c) (t) 

Dilution—A. Dilution—3A. Dilution—jA. 

146.3 45 0.0222 250.8 100 0.9100 459-8 50 0.0200 
158.8 38 0.0263 292.6 41 0.0244 489.7 20 0.0500 
167 2 31.5 0.0317 313-5 31 0.0322 501.6 15 0 0667 
188.1 21 0.0476 334-4 18 0.0556 435-4 9 O.LIII 


209.0 12 0.0833 355-3 9 0.1111 











131.5 


144.6 
157.8 
170.9 


184.1 


133-8 
148.7 
163.3 
178.4 


193-2 


92.4 
106.3 


110.9 


120.1 


129.4 


c. 


144.6 
157.8 
170.9 
184.1 


210.4 


Coagulation with KCl. 


c. 
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TABLE II 


Coagulation with NaCl. 


$. 


Dilution—§A 


TABLE III 


t. 
Dilution—$A 


35 


TABLE IV 


Coaguiation with RbCl (Fig. 1). 


t. 


Dilution—-$Az 


129.4 
138.6 


147.8 


Amount of As.S; per litre of sol = 1.662 g. (Dilution A). 


t. 


Dilution—§A. 


Amount of As.5S, per litre of sol=1.654 g. ‘Dilution A). 


Amount of As,S; per litre of sol=1.662 g. (Dilution A). 


Dilution—A. 


38 









0.0238 


0286 


.0370 


0.0303 


0377 
-0540 
0645 


0909 


t/t. 


0.0259 


20345 
-0434 
+0556 


.0667 
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53-4 
58.7 
64.1 
74.8 
80.1 


1.028 
1.131 
1.234 
1.285 
1.336 
1.13% 


0.40 
44 
-46 
.48 
-52 


t. 


Dilution-A. 


54 
34 
24.5 
18 
11.5 
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TABLE V 


Coagulation with CsNOs. 


Amount of As,S, per litre of sol =1.921 g. (Dilution A). 


1/t. 


0.0185 
.0294 
.04c8 
.0556 
.0870 


c. 


t. 


Dilution-$A. 


64.1 
69.4 
74.8 
85.4 
106.8 


55 
33 
20.5 
II 

3 


TABLE VI 


1/t. 


0.0182 
.0303 
.0488 


-3333 


Coagulation with BaCl,. 


Amount of As.S, per litre of sol =1.921 g. 


‘ 
Dilution-A. 


45 
36 


Amount of As,S, per litre of sol=1.671 g. (Dilution A). 


g. 
Dilution-A. 


60 
40 
26 
8 
12 


1/t. 


0.0222 
.0278 
0477 
-0596 


0235 


1/t. 


i 


0.0167 
.0250 
-0462 
0556 
-0833 


c. 


1.234 
1.336 
1.439 
1.542 


t. 


Dilution-§A. 


26 


1/t. 


TABLE VII 


Coagulation with AlC);. 


c. 


0.40 
42 
44 
.46 
.48 


t. 


Dilution-$A. 


1/t. 


0.0278 
0333 
-0400 
0526 
.0667 


DIsCcCUS SION 


c. 


85.4 
90.8 
096.1 


101.5 


t. 
Dilution-§A. 

75 

45 


32 
26 


(Dilution A). 


c. 


1.336 
1.439 
1.542 
1.646 
1.747 


c. 


0.32 
36 


44 


The above experiments lead to the following conclusions: 


t. 


Dilution-$A. 


23 
21.5 
18 
14.5 
13 


é. 


Dilution-$A. 


0 0133 


0.0435 
-0465 
0556 


.0770 


1/t. 


0.0400 
.0588 
.0833 
1176 


(i) Time-concentration behaviour is normal in the sense that time of coagulation 
is reduced by increase in the concentration of electrolyte, a phenomenon which has also 


been observed before. 
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(ii) When concentration and reciprocal of the time of coagulation are plotted 
(Fig, 1) straight lines are obtained with all electrolytes irrespective of their nature 
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Coagulation with RbC! 
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and concentration of the sol. Hence ‘c’ and ‘t’ can be connected by the equation 


c=a+b.1/t, ‘a’ and ‘b’ being constants. Table VII gives the values of ‘a’ and ‘b’ 
as obtained graphically. 


Taste VIII 
Electrolyte. Value of ‘a’ in millimoles Value of ‘b’ in mM/minute. 

Dil. A. Dil. 5/3A Dil. 5/2A. Dil. A. Dil 5/3A. Dil. 5/2A. 
LiCl 135 255 443 1000 1250 1000 
NaCl 108.5 112.5 120 1350 1660 1709 
Kcl 110 139 176 1030 1075 1000 
RbCl 80 96 5 109 § 860 830 860 
CsNO,; 49 60 77-5 320 290 610 
BaCle 1.03 0.95 0.965 4.06 7.20 10.00 
AICI; 0.365 0.359 0.246 2.2 1.88 1.85 


Now the main interest centres round the interpretation of the two constants ‘a’ 
and ‘b’, which it is not possible to do completely at the present stage of our experiments. 
The obvious interpretation of ‘a’, as seen in the graph, is the value of ‘c’ at 1/t=0, i.e. 
at t=infinity, and hence ‘a’ is the maximum amount of electrolyte which can be added 
to the sol without effecting any coagulation. In other words, we may call it the 
critical stability concentration of the electrolyte for the particular sol. On what factors 
does this critical stability concentration depend will be elucidated by further elaboration 


of experiments. 
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The physical interpretation of ‘b’ is not so explicit as that of ‘a’. It can, however, 
be interpreted by putting t=1, when (c-a) becomes equal to b. This means that 
‘b’ is that concentration of the electrolyte which should be added to the sol, in excess 
of the critical stability concentration, in order to precipitate it in unit time. 

(iii) The dilution of sol does not seem to produce any such abnormal change in the 
sol particles as to deform the characteristic shape of the curve. In case of many electrolyt- 
es the straight lines at different dilutions are parallel toeach other, showing a priori that 
on dilution the number of particles in a given volume decreases in the same ratio in 
which the distance between them increases, so that the amount of electrolyte, in excess 
of the critical value, in order to precipitate it in unit time remains the same. Thus ‘b’ 
remains constant and the parallelism between the lines can thus be explained. ‘There 
are, however, such cases of dilution effect where the lines are not parallel. This can 
be ascribed to the change in the size or charge or both of the colloidal particles when 
the sol is diluted. In this connection it is necessary to observe that the experiments 
at various dilutions should be carried on almost simultaneously, which it has not been 
possible to do in certain cases. The values of ‘b’ should be very susceptibie to the age 
of the sol and that has been actually observed with LiCl and NaC! at dilutions A and 
5/3A, with BaCl, and CsNO, at the dilution 5/2A. In these cases the time gap between 
the experimental observations at different dilutions was longer than in others. 

(iv) The value of ‘a’, which we term critical stability concentration, shows a normal 
variation with the valency of the precipitating ion ‘Table VIII) in that it decreases as 
the valency of the precipitating ion increases. It is interesting, further, to o! serve 
that generally higher the weight of the precipitating ion, the lower the vaiue of ‘a’ even 
for ions of the same valency. 

(v) Table VIII brings out another interesting fact in the values of “b’. As the 
valency of the coagulating ion increases, the value of ‘b’ decreases. ‘This observation 
fits in with our interpretation of ‘b’. Since the coagulating power of ions increases 
with valency, the value of the amount necessary to coagulate the sol in unit time should 
decrease and ‘b’, which is the excess of this value over critical concentration, should 
naturally get smaller and smaller. 

(vi) The variation in the precipitating power of an electrolyte with the dilution 
of a sol shows that in the case of monovalent electrolytes and also with BaCl,, 
the dilution effect is abnormal but it is normal with AICI, The abnormality 
for monovalent ions is more marked in the case of lighter ions than the 
heavier ones. Previous author (Weiser, Mukerjee, Dhar, Ghosh and others) have also 
observed this abnormality and have offered various suggestions to explain it. More 
and varied experiments are being planned to explain this abnormality on fundamental 
concepts of coagulation phenomenon. 

Thanks of the authors are due to Dr. S.S. Deshapande, Head of the Chemistry 
Department, Agra College, for his kind interest in the work. 


CHEMICAL LABORATORIES, 
AGRA COLLEGE, AGRA, Received August 24, 1949. 
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INVESTIGATION ON NICKEL AMMINES. PART HUI. INFLUENCE OF 
HEATING, AGEING AND DEHYDRATION OF THE NICKELOUS HY- 
DROXIDE ON ITS SOLUBILITY IN AQUEOUS AMMONTA SOLUTIONS 


By C. SHUDHIR SHAW AND SATYESHWAR GHOSH 


The results on the influence of precipitation on the nickelous hydroxide in the hot, ageing and 
dehydration, on its solubility in ammonia solution have been described and the results interpreted 
on the basis of the amphoteric nature of nickel hydroxide. 

Wide variation and anomalies in the solubility of nickelous hydroxide, noted by 
various workers, as has been pointed out in an earlier communication (Part II, this 
Journal, 1950, 27, 679), is evidently due to the fact that the earlier workers failed to 
recognise the importance of the condition of precipitation and the relationship of the solu- 
bility with the character of the precipitate. 

In our detailed study of the effect of some varying conditions on the solubility 
of nickelous hydroxide we have already noted (loc. cit.) that the solubility of the 
nickelous hydroxide in ammonia solutions decreases with increasing amount of alkali 
in the cold. Further, the size of particles has no appreciable effect on the solubility. 

In the present communication we have described our experimental results of the 
quantitative study of the effect on the solubility of the hydroxide due to the following 
factors :— 

1. Precipitation of the hydroxide with varying amounts of alkali in the hot. 

2: Ageing of the precipitated hydroxide. 

3- Dehydration of the hydroxide at various temperatures. 


EXPERIMENTAL 


Effect of Precipitation of ihe Hydroxide with Varying Amounts 
of Alkali in the hot on its Solubility 


M/2-Nickel sulphate solutions (150 ¢.c.) were taken in three separate vessels 
A, B and C. In each 1.082 N caustic soda solution amounting tu 20c.c. less than the 
equivalent, equivalent, and 20 c.c. more than the equivalent amount respectively were 
added in the hot (temperature 8v°-go0°; with constant agitation. 

The precipitates with their mother-liquor were boiled for scme time and filtered. 
The precipitates were washed completely free of nickel, where present, hydroxyl ions 
and majority of sulphate ions, with hot distilied water. 

The precipitates were than shaken into an even suspension and the volume raised 
up to 500 c.c. each. Nickel in each of the three suspensions was estimated and the 
volume readjusted till all the suspensions contained the same amount of nickel. The 
sulphate in each suspension was estimated separately. 

The solubility of each one of the suspensions in various concentrations of ammonia 
solutions was determined as described in the earlier communication (loc. cit.), The results 
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were found to be repeatable within experimental error. Some of the typical results 
obtained are given below. 
TABLE I 


Temperature=30°. Nickel in suspensions= 098.65 mg. atoms/litre. 


Conc. of ammonia soln. Samples of hydroxide (Ni dissolved in mg. atom/|:tre). 
A. B. .. 

o.5M 0.1886 0.1636 0.1618 
1.0 1.122 1.070 0.8576 
1.5 2.098 1.987 1.957 
2.0 4.281 3-926 3.816 
2.5 6.933 6.679 5-947 
3-0 9.061 8.672 7.513 

Sulphate associated 0.4028 0.3118 0.2692 


(mg. ion/litre), 


It is observed that the precipitate of nickelous hydroxide, obtained by carrying 
out the precipitation in the hot, differs from the one precipitated in the cold in its 
colour, which is more whitish green, gelatinous in nature, the ease with which the 
absorbed sulphate can be removed, and are less soluble in ammonia solutions ; while 
the decrease in solubility due to increase in the quantity of alkali used, decreases in 
the same order as in the cold. 

Effect of Ageing on the Solubility of Nickelous Hydroxide in Ammonia Solutions 

The same nickelous hydroxide suspensions (precipitated in the hot and cold by 
varying amounts of alkali) were stored in glass-stoppered Jena bottles and left to age. 
Samples of the suspension were drawn out after a lapse of 90 days and 180 days respec- 
tively, the nickel content estimated and the volume readjusted. Its solubility in various 
concentrations of ammonia was then determined. ‘The following tables give the results. 


Tape {I 
Precipitation in the cold. 


Temperature =30°. Nickel in suspension= 98.65 mg. atoms/litre. 


Conc. of ammonia Nickel dissolved in mg. atoms/litre. 
soln. Age-o. Age- o days. Age-180 days. 
A. B. e. A. B. al A. B. on 
1.0M 2.561 2.303 2.058 1.237 1.116 o.851 1.119 0.663 0.848 
2.0 7-442 6.775 6.357 4-709 4.178 3-651 4.554 3-704 3-136 
3.0 14.090 12.540 11.330 10.30 8.559 7.235 10.22 8.551 6 985 


Sulphate associated 
(mg. ions/lit.) 0.5059 0.5012 0.3857 0.4742 0.4470 0.3552 0.4742 0.4174 0.3175 
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TABLE III 
Precipitation in the hot. 


Temperature=30°. Nickel in suspension =98.65 mg. atoms/litre. 


Conc. of ammonia Nickel dissolved in mg. atoms/litre. 
soln. Age-o Age-oo days. Age-180 days. 
A. B. a A. B. all A. B. . 

1.0M 1.112 1.070 0.857 1.093 1.050 0.822 1.009 0.962 0.724 
2.0 4.281 3.926 3-813 3-651 3.496 3-409 3-578 3-457 3.067 
30 9.061 8.672 7-513 8.876 8.390 7.233 8.569 8.098 6.816 

Sulphate 

associated 0.4028 0.3188 0.2692 0.3532 0.2885 0.2476 0.3352 0.2658 0.2242 


(mg./per litre) 
It is thus obvious that the solubility of the nickelous hydroxide precipitated 
either in the cold or hot with varying amounts of alkali decreases with age. 


Effect of Dehydration on the Solubility of Nickelous Hydroxide 
in Ammonia Solution 


Three equal volumes of a sample of nickelous hydroxide suspensions (precipitated 
in the hot with equivalent alkali) containing 165.4 mg. atoms/litre of nickel and 0.4779 
mg. ion/litre of sulphate ions were filtered separately. The first sample was left to dry 
in air at the room temperature for several days till no further change in weight took 
place. The second sample was dried at 120° for about 8 to ro hours till a constant 
weight was obtained. The third sample was ignited in a crucible to a constant weight, 
when it turned black due to oxidation of some nickelous oxide. 

0.300 G. and 0.500 g. of each one of the dehydrated samples were weighed out 
in separate glass-stoppered bottles and 75 c.c. of M and 2M ammonia solutions were 
added to each of the different samples. The bottles were left aside for 18 to 20 hours at 
the room temnerature(30°-31°), the ammoniacal solutions were filtered off and nickel 
estimated. It was found that the ammoniacal solution from the ignited sample contained 
no nickel. The results are shown in Table IV. 


Taste IV 


Temperature = 30°. 


Conc. of ammonia soln. Amount of; nickel dissolved in mg. atoms/litre. 

Air-dried. Dried at 120°. Ignited. 
1.0M 1.090 0.7226 Insoluble 
2.0 3-953 3-317 Insoluble 


The above results show that the solubility of nickelous hydroxide in ammonia 
decreases as the precipitate becomes more and more dehydrated, till finally it becomes 
insoluble when ignited. 
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DiIscuUSSION 


Tabies I, II and III show that the purity of the oxide, viz. the amount of sulphate 
associated, not only decreases with the increasing amount of alkali used for precipitation 
but also by bringing about the precipitation in the hot. 

lables IT, III IV show the remarkable variation in the solubility of the hydroxide, 
which is found to decrease when it is precipitated either at higher temperatures, aged 
or dehydrated (cf. Dey and Ghosh, this Journal, 1947, 24, 181 ; Mehroira and Ghosh, 
Proc. Nai. Acad. Sci. India, 1946, 15A, 161, in the case of cupric oxide). The 
effect is maximum for the dehydrated samples. Thus, the sample dehydrated in air 
and at 120°, but still remaining greenish, or dehydrated by igniting, when it turned 
black, was comparatively inert for the action of ammonia. 

This behaviour of nickelous hydroxide can be explained by its amphoteric nature, 
as has recently been also pointed out by Gayer and Garatt ‘J. Amer. Chem. Soc., 
1949, 71, 1973), who note that the nickelous hydroxide though strongly basic also 
dissolves in caustic soda. 

We are, as has been suggested in part II (loc. cit.), of the opinion that the 
following reactions occur on the surface of the hydroxide itself : 


Ni(OH) ,.<===Ni(OH)* + OH™ tT 
Ni(OH)* ==Ni0+ H* .. (ii) 
H* +OH"==H,0 .. (iii) 


‘The equations lead to the progressive dehydration of nickelous hydroxide and the 
scheme, suggested by us, explains the easy solubility of the hydrated oxide in comparison 
with the solubility of the same substance when it is dehydrated. The decrease in 
solubility is also likely to be facilitated by excess of alkali (vide equations ii and iit). 
The results in Table II support this contention, that the decrease in solubility with age 
of a sample precipitated with deficient alkali in the cold is more than the decrease 
in solubility with age of a sample precipitated with excess of alkali under similar 
conditions. Similar conclusion can be arrived at from Table III, where the precipitation 
is carried out in the hot, with this exception that the change in the solubility with 
ageing is less remarkable for this sample, when compared to that obtained in the 
cold. We thus conclude that the precipitation in alkaline medium and _ heating, 
ageing or dehydration help equation (ii) to proceed from left to right because of the 
mutual neutralisation of H* and OH™ ions, and formation of the dehydrated oxide, 
which will have a lesser affinity for electrons, and thus the chances for the formation 
of ammine will be considerably less. 

The amount of sulphate associated will also be less, because the chances of adsorption 
will be eliminated on the surface of the dehydrated oxide which is now chemically in- 


active. 

We are therefore led to the conclusion that the existence of Ni ‘OH)* is more 
capable to initiate the formation of co-ordination compounds with ammonia, because of 
its positive charge, and thus being helpful for the admission of co-ordinating. electrons 
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of ammonia, Also that the precipitation of the hydroxide by a large excess of alkali, 
at a higher temperature, ageing and dehydration are all similar processes and are 
detrimental to the formation of NifOH)* and thus the samples of the hydroxide, 
subjected to any of the above mentioned conditions, are less soluble in ammonia and 
consequently unfit for favourable ammine formation. 

Further work on the composition of various nickel ammines in solution is in 
progress. 


DEPARTMENT OF CHEMISTRY, 
THe UNIVERSITY ALLAHABAD Received May 106 19s0 
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INVESTIGATION ON NICKEL AMMINES. PART IV. THE INFLUENCE 
OF THE PRESENCE OF NEUTRAL AND AMMONIUM SALTS OF 
VARIOUS ANIONS ON THE SOLUBILITY OF NICKELOUS 
HYDROXIDE IN AQUEOUS AMMONIA SOLUTIONS 


By C. SHUDHIR SHAW AND SATYESHWAR GHOSH 


Observations on the effect of sodium, potassium and ammonium salts of various anions, on 


the solubility of nickelous hydroxide in ammonia solutions have been recorded and the results explain- 


ed in the light of the amphoteric nature of the hydrated nickel oxide 


The presence of ammonium salts affecting the soiubility of the hydrated nickel oxide 
has been reported, only generally, by workers like Rogers (Phil. Mag., 1834, 3) and 
Kato (J. Chem. Soc. Japan, 1937, 48, 1146). Recently Archipov and Pakschur (J. Appl. 
Chem. Russ., 1943, 16, 356) have shown a definite increase in the solubility of cupric 
hydroxide in ammonia in the presence of ammonium carbonate, chromate, sulphocyanide 
and sulphide. Our results on the solubility of hydrated nickel oxide im 
ammonia in presence of various ammonium salts as well as neutral salts of sodium and 
potassium have been recorded in this communication. 


EXPERIMENTAL 


A suspension of hydrated nickelous oxide (22 c.c.) obtained by the interaction of 
equivalent amount of nickel sulphate and caustic soda at 80° and containing 67.32 mg. 
atoms per litre of nickel, was taken in glass stoppered Jena bottles and 3 c.c. of M/2 
sodium, potassium or ammonium sulphate, nitrate, acetate, or sulphocyanide were 
added to each of the suspensions separately so that tle ratio of nickel toammonium, 
sodium or potassium was 1:2. To these mixtures 50 c.c. of ammonia solutions of various 
concentrations were added and the solubility of the hydroxide determined as described 
in part II of this series this Journal, 1950, 27,679). The associated sulphate with the 
hydrated oxide was also estimated and the following table gives some of the typical 
results. 

TABLE I 


Solubility in ammonia solutions. 


Nickel in suspension =67.32 mg. atoms/litre. Sulphate associated with the precipi- 
tate=7.91 mg. ions/litre. Temperature= 30°. 


Solubility of the nickelous hydroxide sample in 0.5 M ammonia soln. =0.32250 mg. atom/litre of Ni. 


Amount of nickel dissolved in mg. atoms/litre 
Solubility in 


presence of Sulphate. Chioride. Nitrate Acetate Sulphocyanide 
Ammonium salts 5-732 5-730 5-728 5-725 5.720 
Sodium salts 0.3220 0.3220 0.3220 0.3198 0.3195 


Potassium salts 0.3220 0.3199 0.3199 0.3198 0.3195 








a: a _ a 
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Tape I (contd.) 


Solubility in Sulphate, Chloride Nitrate Acetate Sulphocyanide. 
presence of 


Solubility of the nickelous hydroxide sample in 1.0 M ammonia soln. =1 9507 mg. atoms/litre of Ni 


Ammniount of nickel dissolved in mg. atoms/litre 


Ammonium salts 11 380 11.280 1.) 990 10.850 9.998 
Sodium salts 1.QS12 1.9510 1.9508 1.9500 1.9499 
Potassium salts 1.9505 1.9510 1.9508 1.9500 1 9500 


Solubility of the nickelous hydroxide sample in 1.5 M ammonia soln =3.366 mg. atoms/litre of Ni. 


Ammonium salts 12.0% 11.91 1I.CI 11.89 11.88 
Sodium salts 3-375 3 369 3.365 3.362 3-353 
Potassium salts 3.368 3.370 3 365 3.362 3.363 


From the data presented the presence of various neutral salts, viz., the sulphate, 
chloride, nitrate, acetate and sulphocyanide of sodium and potassium, appears to have no 
appreciable effect on the solubility of nickelous hydroxide in aqueous ammonia ; but 
the solubility increases in the presence of ammonium salts. Thus for instance, even in 
such a low concentration of ammonia as o.5 M, the amount of nickel dissolved from 
a sample of nickelous hydroxide precipitated by an equivalent alkali in the hot, is only 
0.3125 mg. atom/litre, whereas the solubility increases to 5.732, 5.730, 5-728, 5.725 
and 5.720 mg. atoms/litre of Niin presence of ammonium satls of various anions. (ur 
results also indicate that the anions have only a silght effect on the solvbility. It is, 
however, to be noted that the presence of su'phate increases the solubility slightly more 
than the other salts of ammonium. 

Our observations with nickelous hydroxide thus differ from those of the other 
workers referred to (loc cit.} ; because these workers have given no consideration to the 
character of the hydroxides used and to the method of precipitation, which is important, 
as has been shown by our work (loc. cit.). 

This enhanced solubility of nickelous hydroxide in aygueous ammonia in presence of 
ammonium salts have been explained by Kato (loc. cit.) to be due to the buffer 
action of ammonium salt-ammonia mixtures. Considering the following equilibrium 
which exists in a solution of ammonia (cf. Everett and Wynne-Jones, Proc. Roy. Soc., 


1938, 169A, 190) 
NH, aq. == NH,OH NH,’ +OH™ 


it is evident that the addition of ammonium salts will necessarily increase the concentra- 
tion of NH; in solution which iu its turn will favour the formation of ammine with nickel 
ion. This factor is, however, not prominent as we have noted that the partition coefficient 
or the distribution ratio of ammonia to chloroform or amyl alcohol is hardly affected by 
the presence of ammonium salts (cf. Hantzch and Sebaldt, Z. physikal. Chem., 1890, 
30, 258). We therefore suggest that the acid character of the ammonium ion is also of 
importance. On the basis of the Lowry Bronsted concept, ammonium ion behaves as a 
proton donator ; thus NH,*=NH,;+H* 
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Now considering the amphoteric behaviour of nickelous hydroxide as suggested by 
us (loc. cit.) and as shown by the following equations: 


Ni (OH), pee Ni(OH)}* +OH- __... ore 
Ni (OH)* je NiO+H* Ae . 9) 
H*+OH- aC H.O - — 


We find that in equation (1), the liberation of OH™ will mean a tendency in the 
hydroxide to seek protons, which could be furnished by the NH,” ion-if present in solu- 
tion. Consequently a large proportion of Ni (OH)* will be formed, because of the basic 
character of the hydroxide, and this will have a greater affinity for electrons. Thus the 
formation of a co-ordinated ammine and the solubility of the hydrated oxide will increase 
in the presence of ammonium salts. This also explains the negligible effect of the 
sodium and potassium salts. 

From the experimental results recorded in the last three parts of the series, we have 
concluded that the chahacter of the hydrated oxide is the sole guiding factor for its 
dissolution in aqueous ammonia solutions. We therefore emphasise that the wide 
variation and anomalies in the results of the various earlier workers are due to their failure 
to recognise the importance of the conditions of precipitaion and character of nickelous 
hydroxide. We are therefore of the opinion that favourable conditions for dissolution 
of hydroxides in ammonia consists in the precipitation of the hydroxide in the cold with 
deficient alkali or by carrying out the dissolution ia presence of ammonium salts, as under 
all these conditions, the basic character of the hydroxide, which is necessary for co-ordi- 
tions, is prominent. 


DEPARTMENT OF CHEMISTRY, Received May 27, 1950, 
THE UNIVERSITY, ALLAHAPAD. 
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DIPOLE MOMENTS OF ANACARDIC ACID AND CARDOL 
By S. KRISHNAMURTHY 


Dielectric constants of raw cashew shell liquid extracted from unroasted cashew shells have been 
investigated. The constituents of cashew shell liquid, anacardic acid and cardol, have been separated 
and their dielectric constants and dipole moments determined. The molecular structures of anacardic 
acid and cardol have been corroborated by the measurement of physical properties. 


Krishnamurthy and Iyengar (Indian J Phys., 1950, 24, 23) undertook for the 
first time an investigation of the dielectric properties of an oil which was not a glyceride 
but essentially a mixture of phenolic bodies. ‘They took commercial samples of 
cashew sheli liquids available in India for such a study and showed how the 
dielectric properties of the different samples of shell liquids varied with source, method of 
extraction and the extent of initial processing. 

in the present investigation, dielectric constants of raw shell liquid obtained from 
unroasted cashew shells have been measured. The raw shell liquid *has been separated 
into its constituents, anacardic acid and cardol, and their dipole moments have been 
calculated using the D.C.M. equation and the new equation put forth by Jatkar et al. 
(J. Indian Inst. Sci., 1946, 28A, Part II}. The molecular structures of these substances 
have been corroborated by the measurement of dielectric properties. 


EXPERIMENTAL 


Extraction of Raw Cashew shell Liquid.—Unroasted cashew shells from Trivandrum 
were cut to small pieces and the pieces were extracted with solvents like benzene, aicohol 
and acetone in a glass soxhlet apparatus. The benzene extracted liquid was very clear 
while the other liquids were slightly turbid in spite of repeated filtrations under vacuum. 
The liquids were then dried in vacuum for 8 hours (to remove last traces of moisture). 

Separation of the Constituents.—The alcohol-extracted raw shell liquid (300 g.} 
was dissolved in 700 c.c. of petrol ‘b.p. 60°-80°). The solution was filtered 
through vegetable charcoal. The solvent was distilled off and the clear raw shell liquid 
was obtained. The liquid (100 g.) was dissolved in alcohol and an excess of freshly pre- 
cipitated lead hydroxide was added. The lead salt (liberated) was dried and washed with 
alcohol to free it from cardol. The lead salt was dissolved im ether and 1:1 
hydrochloric acid was added to decompose the lead salt. The mixture was heated on 
a water-bath for about an hour. The anacardic acid separated asa brown supernatant 
oil. The solution of anacardic acid in ether was washed with water and then the solvent 
was distilled off under vacuum. ‘The acid was again dissolved in alcohol and reprecipi- 
tated with lead hydroxide. Anacardic acid was obtained as needle-shaped crystals 
when chilled in ice, m.p. 24-25°. [Wasserman and Dawson (J. Amer. Chem. 
Soc., 1948, 70, 3675) report its melting point as 25-26°. The room temperature 
itself was about 27° and it was difficult to crystallise the acid.]| The following 
table gives the constants of anacardic acid isolated. 
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TABLE I 
Constants. Author. *Pillay. 
Refractive index (30°) 1.519 1.5163 
Density (30°) 1.007 1,0092 
Melting point 24-26° 23-25° 


*this Journal, 1935, 12, 226. 


The alcoholic solution of cardol was agitated with lead hydroxide and then filtered 
through vegetable carbon. ‘The alcohvl was evaporated and cardol was obtained in the 


form of a viscous brown oil. 

Purification of Solvents for Dielectric Measurements.—Benzene was shaken with 
concentrated sulphuric acid to free it from thiophene. It was washed free of acid, 
dried and then frozen in ice. The frozen benzene was distilled over phosphorus 
pentoxide twice and it had a constant boiling point of 77.5°/680 mm. 

Dioxane was dried over sodium and distilled and the distillate had a constant 
boiling point of 97.5°/680 mm. 

Apparatus.—A very simple circuit similar to the one used by Nagamani and Jatkar 
(Ort. J. Indian Inst. Sci., 1942, 3, 81) was used for the measurement of capacities. 

Dielectric constant and density of cardol and anacardic acid were measured 
both in the liquid state and in solutions. Dipole moments were calculated by 
applying the new equation (Jatkar et. al., ioc. cit.) : 


P = (e—1)M/D; P,='n*-1)M/D 


aud P-P, = 4=Na for pure liquids ; 
KT 
Pig — = piw,+ Paw, and 
l1s2 
4aNp? , 
and P.=p.M, and P,~ Pee for solutions. 


The moments were also calculated using the Debye-Clausius-Mosotti equation 
for the dilute solutions of the compounds in non-polar solvents 


(€,,2—1) I 


P42 -_ (€,,2 + 2) x ‘7 = Pw, + PoWe 
P, = ~2M2; 

_N,,2 
P,— Pet ENE 


oKT 


Physical properties of raw cashew shell liquid extracted from unroasted shells are 


given in Table IJ. 
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TABLE II 
Raw shell liquid. Ref. index. Density at 
at 27.5°. 30°. 50°. 70°. 
Benzene extracted 1.522-1.520 0.9786 0.9668 0.9547 
Alcohol extracted 1.521-1.519 0.9747 0.9650 0.9519 
Acetone extracted 1.524-1.522 0.9833 0.9744 0.9598 
TABLE III 
Dipole moment of anacardic acid. 
t° iy d. P. uxro0718 ux107!3 
(Jatkar) (Debye). 
Pure . 
30° “on 6.56 1.007 1899 2.82 
50° tl 7.31 0.9949 2180 3.17 
70° pa 8.03 0.9807 2465 2.53 
Solvent-dioxane 
25° 0.0000 2.24 1.023 me (3.32) 
0.0586 2.62 1.025 2565 3.37 3.04 
0.1423 3.17 1.028 2400 3-39 3.75 
0.2116 3.89 1.031 1698 3 47 3.83 
Av. 3.34 
4o° 0.0586 2.57 1.016 2384 3.22 3.96 
0.1423 3.10 1.013 2497 3.39 3.79 
0.2116 3-79 1.018 2606 3-45 3-94 
Av. 3.32 
TABLE IV 
Dipoie moment of cardoi. 
6°. Ws. €. d P. uX10718 uX1078 
(Jatkar). (Debye). 
Pure. 
30° eee 4.86 0.9795 1246 2.90 
50° rm 5-44 0.9650 1403 2.37 
70° ihe 6.05 0.9519 1560 2.63 
Solvent-benzene 
25° 0.0000 2.27 0.8726 oe (2.12) 
0.2109 2.91 0.9031 1449 2.33 2.63 
0.2365 2.97 0.9057 1420 2.30 2.58 
0.4372 3.81 0.9358 1582 2.48 2.56 
Av.(2.37) 
40° 0.2109 2.84 0.8880 1399 2.33 2.60 
0.2365 2.09 0.8905 1372 2.30 2 62 
0.4372 3.71 0.9187 1545 2.50 2.62 
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DISCUSSION 
The temperature variation of the diclectric constants of the raw cashew shell liquids 
is shown in Table V. 
TABLE V 


Sample of the liquid. Dilectric constants at 


30 50°. 70° go”. 100, 
Benzeue extracted 4.18 4.16 4.15 4.12 4 08 
Alcohol extracted }.41 4-39 4.29 4.17 4-12 
Acetone extracted 4.48 4.47 4-43 4.26 4.21 


The dielectric constants at 30° and 50° for the alcohol and acetone extracted samples 
are very nearly the same. After 50° the dielectric constant decreases gradually. The 
variation of the dielectric constant with temperature of the benzene-extracted liquid 
is very small, the dielectric constant decreasing by 0.1 (4.18 to 4.08) over a range 
of 70° (30°-100°). The dielectric constants have a tendency to converge at 
higher temperatures. The dielectric constant measurements above 100° were not 
possible since the liquids started frothing and became conducting. ‘The slight differences 
in the behaviour of the dielectric constant with temperature of the three samples are due 
to the viscosity effects similar to those observed with commercial shell liquids (cf. 
Krishnamurthy and lIyenger, joc. cit., p. 29). The commercial liquid has a higher 
dielectric constant. The value shows entirely different behaviour with temperature 
as compared with the raw shell liquid. The difference with the dielectric constant of 
the liquids is not surprising in view of the fact that during commercial extraction the 
liquid is known to decarboxylate and also to polymerize. 


The dielectric constants of anacardic acid and cardol are given in Table VI. 


TABLE Vi 


Dielectric consiants at 


30.° 50° . go*. 
Anacardic acid 6.55 7.31 8.03 9.06 
Cardol 4.86 5-44 6.05 6.32 


The dielectric constants of anacardic acid and cardol show a large positive 
temperature coefficient in the range studied [30°-90°). It is interesting to compare 
the dielectric constant of sodium bicarbonate solubles of cashew shell liquid with 
that of anacardic acid, since the former are expected to contain a high proportion 
of amacardic acid (Krishnamurthy and lIyenger, loc. cit.). ‘Though the dielectric 
constant of the bicarbonate solubles aiso increases with temperature (Krishnamurthy 
and Iyengar, loc. cit.j, the absolute value as well as the temperature 


coefficient are decidedly lower than those of the anacardic acid. This may be 


due to the presence (in the bicarbonate solubles) of other acids of low molecular weight 
resulting from the decomposition of anacardic acid during the drastic thermal treatment. 
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Cardol, the dihydroxyphenol, has a higher dielectric constant than the bicarbonate 
insolubles, which are mainly composed of the monophenol, anacardol. 

It is of interest to note that though anacardic acid and cardol have a high dielectric 
constant (4.8 to 9), the raw shell liquid, which consists mainly of these two components, 
has decidedly a lower value (4.1-4.5). It may be possible that in the raw liquid, 
molecules of cardol are contra-associated with those of anacardic acid. 

The moments of anacardic acid and cardol in solvents ‘benzene and dioxane) 
have been calculated by using the new relationship (Jatkar, Nature, 1944, 158, 222) 
and also by Debye’s equation (Table III and IV). mw» is higher than fnew. The 
moment of anacardic acid (i) is 3.3 as compared to that of ortho-hydroxybenzoic 


OH OH OH OH 
(¥ OH ye OH O) ( 
S70 Ha \/J7 Ose: HOV / 

(1) (II) (111) (IV) 


acid (II), 2.8. It may be pointed out that the extrapolated value 2.8 is only a 
rough estimate, since the moment shows a variation with concentration (cf. Kulkarni, 
1949, Ph.D. thesis of the University of Bombay). The moment of cardol (ITi) is 2.3. 
This can be compared to resorcinol (IV) which has a moment of 1.7 in benzene and 
2 in dioxane (Kulkarni, loc. cit.). 

The fact that the moment of anacardic acid and that of oriho-hydroxybenzoic acid 
are practically of the same value substantiates the chemical evidence that the structure of 
anacardic acid is similar to ortho-hydroxybenzoic acid. The moment of cardol com- 
pares with that of resorcinol, showing thereby that the structure of cardol is similar 
to resorcinol. Thus the structure of cardol shown by chemical evidence is corroborated 
by the physical measurement of dielectric property. The slight increase in the moments 
of anacardic acid and cardol over those of ortho-hydroxybenzoic acid and resorcinol 
may be respectively due to C,;H,, side-chain. 

Thanks of the author are due to Dr. S. K. Kulkarni Jatkar, for his helpful guidance 
and keen interest in this investigation. The author is also indebted to Dr. ‘Miss) 
S. B. Kulkarni and Dr. B. R. Vethiraja Iyenger for suggestions in this work. 
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ORGANO ARSENICALS AS POSSIBLE FILARICIDES 
By B. PatHak 


Some 1 : 4-di-substituted piperizine derivatives containing pentavalent arsenic have been prepared 


as possible filaricides. 


In recent years some 1: 4-di-substituted piperazines (Hewett ei al., J. Lab. Clin. 
Med., 1047, 32, 1293) have been found to possess filaricidal properties. Hetrazan, 
which is 1-diethylcarbamyl]-4-methylpiperazine, has been found to be the most active 
of ail the compounds so far investigated (Santiayo-Stevenson et ai., J]. Amer. Med. 
Assoc., 1947, 185, 708, ; Harned et ai., ]. Lab. Clin. Med., 1948, 38, 216). It decreases 
the microfilariz in patients very rapidly but the adult worms are not rapidiy killed. 
l'hough this drug kills all the microfilariz in patients quickly, yet its clinical results in 
patients do not appear to be very conclusive. 

Arsenical compounds, which are known to have a definite beneficial effect on filaria 
(cf. Chopra and Sunder Rao, Indian Med. Gaz., 1929, 64, 130; Indian J]. Med. Res., 
1930, 27, 549) cannot, however, kill the microfilarie appreciably, but kill the adult 
worms (Rose and Culbertson, /. Parasiiol., 1945, 31, suppl. 6, 17 ; Otto and Maren, 
Science, 1947, 106, 105). 

In view of the above observations, some 1; 4-di-substituted piperazines containing 
arsenic have now been prepared with the object of pharmacological examination against 
filaria 

1: 4-p-Diaminodiphenylpiperazine (Morley, Ber., 1880, 18, 1793) has now been 
subjected to Bart’s reaction to yield the arsonic acid derivative (I). 

Piperazine and its mono-substituted derivatives have been reacted with sodium salt 
of 4-chloroacetylaminophenylarsonic acid (Jacobs and Heidelberger, J. Amer. Chem. 
Soc., 191g, 41, 1810) to produce the arsonic acid derivatives, (II) and (III) respectively. 

These pentavalent arsonic acids have been readily reduced to trivalent arsenoxides 
by PCI, in an inert medium, like ethyl acetate, and subsequent treatment with dilute 


alkali. 


CH.—CH., 
(OH),OAsCH.—NE€ Dv C,H,AsO(OH), 
CH,—CH; 

(1} 


cons CH.—CH., —— 
‘ & 7 = — . a 


(IT 


CH.—CH, ‘ini 

Fa 2 2 

R—NC YN- -CH, CONH— 4 S—AsO OH), 
CH,—CH, — 


(ITT) 
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EXPERIMENTAL 


1: 4-Di-(phenyl-p-arsonic acid)-piperazine (I).—1: 4-p-Diaminuodiphenylpiperazine 
(3 g.}, dissolved in dilute hydrochloric acid (45 c.c. of 1.5N), was diazotised with sodium 
nitrite (2.6 g.) under cooling. The diazotised solution was gradually added with stirring 
to a solution prepared by dissolving AsO, (3.8 2¢.), NasCO, ‘7.5 g.), CuSO,, 5H.O 
(o.4g.! and NaOH (1.5 ¢.) in water (50 c.c) to which sufficient liquor ammonia 
was added to get a clear solution. Next day the solution was filtered, the filtrate 
partly concentrated, and the clear solution was made acidic with dilute acetic acid, when 
a brown substance separated out. This solid after filtration was again dissolved in 
NaHCO, and the arsonic acid was reprecipitated from the clear solution by dilute acetic 
acid. It isa light brown solid (1.6 g.) which could not be crystallised from common 
solvents. It does not melt at 280°. (Found: N, 5.1; As, 20.9. C,.6H.»O.N.As, 
requires N, 5.76; As, 30.86 per cent). It is insoluble in dilute mineral acids. 

Piperazine-1 : 4-di-(acetanilide-p-arsonic acid), H,O,AsC,.H,NH. COCH,. NC,H,N.- 
CH.CONH. C,H,AsO;H,. 2H, (II).--A mixture of piperazine hexahydrate ‘2 g.), 
4-chloroacetylaminophenylarsonic acid (7 g.}, sodium carbonate (1.2 g.), sodium 
acetate (5 g.) and water (80 c.c.) was refluxed for 2 hours, when a solid separated out. 
‘This was cooled, acidified with dilute hydrochloric acid, and the white solid after boiling 
with water was filtered. This solid was again dissolved in sodium carbonate solution 
and acidified with acetic acid when the substance separated out. It does not melt even 
at 280°; it cannot be crystallised from any common solvent and it contains two molecules 
of water of crystallisation. (Found: N, 9.5; As, 22.9. C.»H.»O,N,As, requires N, 
9.3; As, 25.0. CoH seQi.0N,As, requires N, 8.8 ; As 23.59 per cent). The compound 
on drying over P.O, at 105° for6 hours under vacuum loses 2 molecules of water 
and this anhydrous compound on analysis gave 24.5% As. 

1: 4 Di-N-(phenyl-p-arsonic acid)-aminoacetylpiperazine (H,O,;AsC,H,NHCH,- 
CONC,H,;NCO.CH,NHC,H,AsO,H,.2H.O) was obtained from 1. 4-dichloroacetyl- 
piperazine (Abderhaldeu and Rossner, 7. physiol. Chem., 1925, 144, 219) and sodium 
salt of p-arsanilic acid in the similar manner as have been described above. It does not 
melt even at 280° and its properties are the same ,s its isomer. (Found : N, 9.2; As, 
22:81. CooHsoO,oN,As. requires N, 8.8 ; As, 23.59 per cent). 

Piperazine-carbethoxy-4-acetanilide-p-arsonic acid (EtOCONC,H,NCH,CONHC,H,- 
AsO,H,. 2H,O) (III, R=CO.Et) was prepared from N-monocarbethoxypiperazine 
(Moore et al., J. Chem. Soc., 1929, 39) and 4-chloroacetylaminophenylarsonic acid. It 
is soluble in dilute mineral acids and can be crystallised from hot water or dilute alcohol. 
It melts with frothing at 210°, and contains 2 molecules of water of crystallisation. 
(Found : N, 8.8; As 16.4. C,;H.O,N; As requires N, 9.32; As, 16.63 per cent). 

1: 4-Di-(phenyl-p-arsenoxide)-piperazine.—The corresponding arsonic acid (2 g.) 
was suspended in 20 c.c. of dry ethyl acetate and 2c.c. of PCi; gradually added to it 
under shaking. After standing for half an hour the mixture was warmed on a water- 
bath for 5 minutes when HCl gas was evolved. (n cooling, ice-cold water was added, 
made alkaline with dilute sodium hydroxide, the water layer twice shaken with ether, 
and the arsenoxide was precipitated with ammoniun chloride. It is a brown solid 
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insoluble in dilute acids and cannot be crystallised from any common solvent ; it shrinks 
at 240° and melts at 270° to a brown viscous liquid. (Found: N, 6.3; As, 34.9. 
C,.H,,O.N2As, requires N, 6.69; As, 35-88 per cent). 

Piperazine-t: 4-di (acetanilide-p-arsenoxide) (OAs. C,xH,NHCOCH,NC,H,N. CH,- 
CONH. C,H,AsO. 2H,O) was prepared from the corresponding arsonic acid by PCls. 
It is insoluble in hot water, soluble to some extent in hot dilute alcohol, and does not 
melt even at 280°. (Found: As, 25.8. CaoH2.0,N,As2 requires As, 26.4 per cent) 

1: 4-Di-N-'phenyl-p-arsenoxide)-aminoacetyipiperazine (OAsC,H,NHCH,CO. N 
C,H,N.COCH,NH.O,H,AsO. 2H,O).—The method of preparation and properties are 
same as in the previous compound. 

Piperazine-1-carbethoxy-4-acetanilide-p-arsenoxide (EtOCONC,H,NCH,.CONH- 
C,.H,AsO.2H,O) was prepared from the correrponding arsonic acid with PCi,. This 
compound is soluble in hot water and dilute alcohol. It shrinks and softens to a glassy 
mass at 92° and decomposes with frothing at 120°. (Found: As, 18.3.C,;H..0 .N;As 
requires As, 17.99 per cent). 

The author is indebted to Professor M. N. Goswami for his kind interest in this 


investigation. 
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ON THE ISOTHERMAL STUDY OF THE CONDENSED TERNARY SYSTEM 
DICYANOBISETHYLENEDIAMINE-COBALTIC SULPHATE, COPPER 
SULPHATE AND WATER 


By ByoMKES SARMA 


The condensed ternary svstem-dicyanobisethylenediamine-cobaltic sulphate, copper sulphate and 
water-has been stndied at 30°. Formation of the double salt dicvanobisethylenediamine-cobaitic 
cuprisulphate, [Co(CN)2(en)9|/2SO,4. 2CuSO,. 8H,0 has been definitely established as a result. The 
double salt is rather unstable in water, but is stable in copper sulphate solution. 


The double salt, dicyanobisethylenediamine-cobaltic cuprisulphate has been described 
in a previous communication (Ray and Sarma, this Journal, 1951, 28, 50). Its 
composition is given by [Co(CN),(en).],S0,, 2CusO,, 8H.O. In order to verify this 
composition and with a view to making a detailed examination of the subject, the ternary 
system-dicyanobisethylenediamine-cobaltic sulphate, copper sulphate and water-has been 
studied at 30°. 


EXPERIMENTAL 


Preparation of the Reagents.—Dicyanobisethylenediamine-cobaltic sulphate {cf. Ray 
and Sarma, loc. cit.) was thrice recrystallised from hot water. 

Pure copper sulphate was recrystallised thrice from hot water and dried at the room 
temperature. (Found: Cu, 25.47; S, 12.79; H20O, 36.01. Cale. for CuSO,.5H;0: 
Cu, 25.48; S, 12.8; H,O, 36.05 per cent). 

Methods of Analysis.—The solution ‘5 c.c.) was taken out of the reaction vessel with 
a pipette fitted with a glass wool plug. This was weighed and diluted to 100c.c. Aliquot 
parts were taken for individual analysis. Copper was determined iodimetrically. The 
amount of complex sulphate was determined indirectly. For this the total sulphate was 
determined gravimetrically and then making ailowance for copper present, the amount 
of the complex sulphate was calculated ; 1 g. SO,” % 5.812 g. of dicyanobisethylenedia- 
mine-cobaltic sulphate. 


Equilibrium Determinations 


The procedure adopted was to make up a saturated solution at some 20° above 
the temperature at which the reaction was studied. In this case, a saturated solution 
of dicyanobisethylenediamine-cobaltic sulphate was made at 50°; 100 c.c. of this 
solution were taken in a cylindrical glass reaction vessel of about 200 c.c. capacity, 
provided with a cork, through the centre of which passed the rod of the glass stirrer, 
operated mechanically. At the margin of the stopper, there was a hole for pipetting 
off the liquid phase to determine its composition. The hole was kept closed with a 
glass stopper as long as the reaction was carried on. The reaction vessel, with its 
contents, was placed in a thermostat regulated at 30.0+0.02° and stirring carried 


5—1777P—4. 











202 B. SARMA 


on machanically for days together until equilibrium was attained, as indicated by no 
further change in the composition of the liquid. During this time a solid phase 
separated out. After the solid phase had been allowed to settle, about 5cc. of the 
liquid phase were taken out with a pipette fitted with a special glass wool filtering 
arrangement at the tip, weighed and diluted to 100 c.c. Suitable portions of this were 
used for analysis. When equilibrium was established. the solid phase was rapidly 
separated froin. the liquid by filtration on a Buchner funnel. The liquid was drained 
as much as possible and then a suitable portion {0.5 g.) of the solid was taken in a 
weighing bottle, weighed and dissolved in water to a measured volume. Suitable 
portions of the latter were analysed to determine the composition of the solid phase. 
The liquid adhering to the separated solid phase is typical of the liquid phase with 
which the solid is in equilibrium. Delay in filtration and in weighing the solid phase 
was avoided as much as possible sothat no appreciable loss due to evaporation of 


From the first set of the experiment, the solubility of dicyanobis- 


water took place. 
mixtures of 


ethylenediamine-cobaltic sulphate in water at 30° was obtained. Then 
about roo c.c. of the saturated solution of dicyanobisethylenediamine-cobaltic sulphate 
at 50° and increasing amounts of copper sulphate were taken in the reaction vessel, 
and the contents were dissolved by warming on the water-bath. The vessel was then 
placed in the thermostat and operated as before. 

For a few sets of mixtures, the composition of the dicyanobisethylenediamine- 
cobaltic sulphate increased in the liquid phase and mainly this separated as the solid 
Then the amount of the complex sulphate began to decrease till it became 
the liquid phase and both dicyanobisethylenediamine-cobaltic 
This 


phase. 


almost constant in 
sulphate and copper sulphate as the double salt separated out of the sojution. 
happened for about 10 sets of mixture when no further increase of copper sulphate 


in soiution took place. 

On the other side of the system, there was pure copper sulphate to start with and 
its solubility at 30° was determined as in the case of the other constituent. Then 
mixtures of about 100 c.c. of a supersaturated solution of copper sulphate and increas- 
ing amounts of dicyanobisethylenediamine-cobaltic sulphate were taken in the reaction 
vessel and operated as before. Amount of copper sulphate increased gradually with 
the increase of the complex sulphate and accidentally the eutectic mixture was obtained 
when two phases, the yellowish green double salt and the blue copper sulphate, separated 
The results are plotted on a triangular graph and 


simultaneously from the liquid phase. 
Ihe mixture of dicyanobisethy- 


the junctions of the curves give the eutectic pornts. 
lenediamine-cobaltic sulphate and copper sulphate corresponding to the first eutectic 
derived from the curve was taken in the reaction vessel with water and operated as usual 
to ascertain its composition more definitely. 

The results of analysis of the various saturated solutions and the corresponding solid 
phases separated are given in Table I for triangular and in Table Ii for the rectangular 
graph. 

The experimental results given in Table I are best represented by Roozeboom’s 


triangular graph, in Fig. 1. The vertices W, A and B of the equilateral triangle WAB 


represent 100% of water, dicyanobisethylenediamine-cobaltic sulphate and copper sulphate 
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Liquid phase (%composition) 


X,SO,. CuSO,. 
2.51 0.0 
2.86 1,09 
3-07 1.89 
3-62 2.50 
3.90 2.76 
3-66 2-74 
3-28 2.86 
2-75 3.24 
2.48 3.81 
2.36 5.89 
2.38 7-52 
2.45 9-76 
2.51 11.63 
2.51 14.01 
2.0 19.66 
0.57 19.94 
1.08 20.22 
1.47 20.44 
1.90 20.25 
2.08 20.59 
2.33 20.85 
2.48 20.89 


x= [Co (CNy) {€y) | 


H,0. 
97.49 
90.05 
Qs -04 
93-88 
93-34 


93.60 
93.86 
94.01 
93-71 
91.75 


90. Ir 
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77°33 
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79.03 
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X,SO,. 
g1.16 
gI.10 
70.00 


/ 
"> O2 
72-04 


51.590 
45-94 
33.02 


00 
0.50 
0.41 
0.60 
0.0 


0.73 


TABLE I 
Solid phase (%composition) 
CuSO,. H,0 
9.0 8.84 
v0.0 8.34 
0.50 29-44 
0.80 27.18 
16.38 31.75 
21.72 40.62 
23.80 37-13 
14.94 65.01 
28.58 21.25 
an 5 
_* 
30.10 18.01 
27.38 26.68 
24.08 12.90 
63.95 36.05 
64.07 35-93 
62.95 39-55 
63.28 36.31 
62.76 36.64 
64.28 35.72 
63.04 36.23 
42.14 22.05 


35-81 


CONDENSED 


* In this case the solid phase was too smal! for analysis. 
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Nature of solid phase. 


XSO,. 3H,O 


Hydrated double salt+X,SO, 
3H,0, Eutectic 1. 


Double salt hydrate 


CuSO,.5H,O 


Double salt+CuS 4y.5H.O. 
Eutectic 2 


W = %0 
A =[Co(CN)2(0n) 2], 5M 

B= CuS04 

A, = [Co ©ne Cn), J, 50g 3%0 
B,= CuSO, . 5,0 
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respectively. The sides of the triangle represent the binary system and any point within 
the triangle represents the ternary system and the perpendicular distance of the point from 
the different arms gives the composition of the constituent represented at the opposite 
vertex. It will be observed that the straight lines joining the points, indicating the 
composition of the liquid phase and the corresponding separated solid phase, all pass 
through the point which indicates the composition of the solid phase with which the 
various liquid phases are in equilibrium. 

The diagram ‘Fig. 1) consists of three separate saturation curves, ‘ac’, ‘cd’ and ‘db’ 
and various complex areas. 

From the figure it is evident that 54.64 g. of dicyanobisethylenediamine-cobaltic 
sulphate and 31.25g. of copper sulphate are the percentage proportions present in the 
hydrated double salt. It is alsoevident that the double salt is not very stable with respect 
to water at 30° and that the stability of the double salt increases with the increasing 
amounts of copper sulphate in solution. 


TaBuE II 
Liquid phases Solid phases in equilibrium Nature of the solid phases 
Composition of roo g. Composition of 100 g 
of the solute of the anhydrous salts 
} 23 fe 5 a) 
® 3 9? 2 Sc 
- * | a ~ we 
ey ane” o— = 
3 rie eS 2.8 
4 = roy wy 3 . Zz = - vo. 
Ss) o— vu 3s i=} Y O= os 2 
8 G2 = 8382 5 2 su5 
¢ s) pais Y Oo -* 
100.0 0.0 3885.0 g 100.0 0.0 9.70 g. 
72.41 27.59 2432.0 100 0 0.0 9.70 A 
61.89 38.11 1916.0 99.28 0.72 41.72 
59-14 40.86 1534.0 98.91 1.09 37-34 
58.56 41.44 1402.0 76.00 24.00 46 52 A+donbie sa!t 
Eutectic No.1. 
§7.19 42.81 1462.0 63.42 36.58 68.39 
53-42 46.58 1529.0 62.15 37-85 59.05 
45-91 54-09 1570.0 57-31 42.69 185.70 
39-43 60.57 1489.0 63.69 36.31 26.98 Double salt 
28.61 71.39 1112.0 — . _—* 
24.04 75 96 910.0 —_ — —* 
20.06 79-94 719.0 63.28 36.72 21.97 
17-75 82.25 607.3 62.66 37-34 36.39 
15.19 84.81 505.4 57-89 42.11 75-44 
0.0 100.0 408.6 0.0 100.0 56.37 
2.78 Q7-22 387.5 0.0 100.0 56.08 
5-07 94-93 369.5 0.78 99.22 57-61 B 
671 93-29 356.5 0.67 99.33 57-01 
8.82 g1.18 350-1 0.95 99.05 57-84 
g.18 go.82 341.1 0.0 100.0 55-58 
10.06 89.04 331.4 1.14 98.86 56.82 
10.61 89.39 327.8 45-94 54.06 28.29 Double salt+B 


Eutectic No.2. 


* Solid phase was too small for quantitative estimation 
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The experimental results can also be expressed according to Table II with the 
graphical representation of Jaenecke (Z. anorg. Chem., 1906, 51, 132) in Fig 2. The 
abscissa AB indicates the number of grams of dicyanobisethylenediamine-cobaltic 
sulphate and copper sulphate in 100 g. of the dissolved anhydrous salts, and the ordinate 
shows the number of grams of water in which 100 g. of the mixture dissolved to give a 
saturated solution. The point A indicates 100g. of dicyanobisethylenediamine-cobaltic 
sulphate and og. of copper sulphate, whereas the point B wdicates vice versa. 
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And any point on this line AB gives the composition of too g. of the mixture in the 
anhydrous state. It is evident from the diagram (Fig.2) that all the straight lines joining 
the points indicating the composition of the saturated solution and the corresponding 
separated solid phases pass through the point, which indicates the composition of the 
solid phase with which the various liquid phases are in equilibrium. 

According to this method of representation, 63.60 g. of dicyanobisethylenediamine 
cobaltic sulphate and 36.40 g. of CuSO, represent the molecular proportions. From 
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the diagram, it will be observed that a higher proportion of CuSO, is necessary for the 
stability of the double salt in solution at 30°. 

From supersaturated solutions containing dicyanobisethylenediamine-cobaltic 
sulphate and copper sulphate, the following phases will crystallise out at 30° : 

(i) Dicyanobisethylenediamine-cobaltic sulphate [Co(CN), (en),], SO,y. 3H,O, if 
copper sulphate does not exceed 41.44% in the solute. 

(2) The double salt, [Co CN), (en).], SO,. 2CuS0O,. 8H.0, if the amount of 
CuSO, lies between 41.44%and 89.39%. 

(iii) Copper sulphate, CuSO,. 5H.,0O, if the amount of copper sulphate exceed 
S9.39%in the solute. 

The author wishes to express his grateful thanks to Prof. P. Ray for his kind sugges- 


tion and guidance. 
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THE CHEMICAL INVESTIGATION OF THE SEEDS OF SWIETENIA 
MACROPHYLLA. PARTI. THE NON-BITTER PRINCIPLE 


By S. S. GuHA SIRCAR AND ‘TARAKESWAR CHAKRAVARTY 


Two crystalline products have been obtained from the seeds of Swietenia macrophylla of which one 
is bitter and the other, non-bitter. The latter was crystallised from glacial acetic acid [m.p.256° 
(decomp.i, CigH<40,] and had [a]p3?=+133.5° in 4.25% CHCl, solution. It contains one methoxyl 
group, one tertiary hydroxyl group and one unsaturated lactone group. On hydrolysis the hydroxy 
acid of the lactone was “btained. The non-bitter gave a dibromide and on mercuration a mono- 
acetoxymercuri derivative of the non-bitter was obtained, along with a dehydro derivative. 


Swietenia macrophylla. as well as the closely related S. Mahogany (N. O. 
Meliaceae) are justifiably regarded as very useful timber-trees. That the seeds of 
these plants, which are borne in large numbers and may be easily collected, contain 
only bitter or other active principles does not appear to have been observed before. 
The present series of investigations deals with a bitter and a non-bitter principle from 
the seeds of the former, and a bitter principle from the seeds of the latter plant. The 
present paper describes the non-bitter principle of S. Macrophylla. The properties 
of the bitter principle will be reported in the next communication. 


A mixture of the bitter and non-bitter principle was isolated from the seeds by a 
procedure described in the experimental portion. Stirring the dry mixture with small 
amounts of ether dissolved out the bitter leaving the white non-bitter which was 
repeatedly crystallised from glacial acetic acid and melted at 256-58° (decomp.). 
It showed [a],°°=+133.5 in 4.25% solution in chloroform and [a],*°=—183.5 in 
2.5% solution in benzene. It did not contain nitrogen, halogen or sulphur. 


It give negative tests for aldehyde, ketone, phenol, methylene-dioxy (this Journal, 
1939, 16, 333), oxycoumarin ether (Ber., 1933, 66, 1137), or lactone and an inactive 
hydroxyl group as well as for unsaturation. Its colour reactions are described in the 
experimental portion. 

The non-bitter may be provisionally called ‘“‘Swietenin’’ reserving the name 
““Swietenolide’’ or ““Swieteno-lactone’’ for the bitter principle to be described in Part IT. 
Combustion data indicated a molecular formula of C,,H:,0; which was supported by 
M. W. (Rast) and equivalent weight estimations by lactone titration. The OH group 
was somewhat inert or ‘protected’ ; the compound was recovered unchanged after 
mild treatment with acetic anhydride and phenyl isocyanate. On dry heating, a 
little above the melting point, there was evolution of water and carbon dioxide 
from the OH and the lactone groups resvectively. A similar observation was made 
by Sircar and Maktader with andrographolide (loc. cit.). 

Careful acidification of the product, saponified by alcoholic alkali, threw down 
a mixture of hydroxy acid, “‘Swietenic-acid’’, m.p. 208-210° (decomp.) and also a 
sinall quantity of a neutral lactone, m.p. 108° (decomp.). The acid was strongly bitter 
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in taste, unlike the original lactone and did not lactonise easily or gave a positive Legal 
or Tollen’s test, whereas the isomeric lactone was non-bitter and reduced Tollen’s 
reagent, 

Swietenin does not decolorise bromine water or potassium permanganate solution 
at the ordinary temperature and cannot be reduced easily by Adam’s platinum catalyst 
but gives a dibromide with bromine in glacial acetic acid indicating the presence of 
one double bond. A similar resistance to reduction was shown by Clemo and Cocker 
in the case of santonins (J. Chem. Soc., 1946, 33). 


During Zeisel determinations of methoxy] group (which gave low value) there was 
formation of much gummy byproduct with the liberation of some free iodine. 
An interesting red crystalline iodo derivative was isolated which was apparently formed 
by the addition of iodine at the double bond with simultaneous replacement of the 
OH group by the halogen. 

Swietenin, dissolved in pyridine, gives a yellow instead of a red solution with Legal’s 
reagent but reduces Tollen’s reagent rapidly. Thiele (Annalen, 1901, 349, 155) first 
reported that A*” -lactones inmediately reduced Tollen’s reagent whereas A**-lactones 
reduced it slowly or not at ail. From a comparative study of a number of cardiac 
aglucones Jacobs concluded that a positive Legal’s test indicated the presence of 
unsaturation in the fy position in the lactone side chain. The test was negative when 
the unsaturation was removed by reduction or the addition of halogens. In the 
case of stophanthidine the slow reduction was ascribed by Jacobs to the complexity 
of the structure. Jacobs also supposed that like Legal’s test, Tollen’s reaction might 
be regarded as a sign of A®’-lactone (cf. Jacobs et al., J. Biol. Chem., 1921, 68, 123 ; 
1925, 64, 383 ; 65, 401 ; 67, 333; 1926, 70,1; 1934, 106, 71). 

These apparently established views have been disturbed by the more recent evidence 
derived by Elderfield et ai. ‘J. Org. Chem., 1947, 6, 273) from the studies of ultraviolet 
absorption and of hydrogenation experiments on these cardiac genins, which are 
therefore now supposed to contain the unsaturation in the af position instead. In 
view of these developments, the interpretation of the results of these two tests must 
await further observations. The relation between the formation of an ‘iso’lactone 
during hydrolysis and acidification, and the position of the OH group in the molecule 
will be discussed in the subsequent part. 


EXPERIMENTAL 


Isolation and Purification of Swietenin.—The fully matured seeds were dried, 
decorticated, crushed to a coarse powder and extracted in a copper soxhlet with 
petroleum ether (b. p. 40°-60°) for 12 to 16 hours. The extract was filtered and on 
distillation of the solvent it left a thick yellow oil (yield 33%), which was not further 
investigated. The residue was extracted with chloroform for 16 to 18 hours, the filtered 
extract much concentrated and poured dropwise to 6-8 times its volume of petroleum 
ether. A pale yellow flocculent precipitate separated and partly became gummy. 
‘The solvent was decanted off and the residue washed twice with the same solvent, 
and then dried in air overnight. The crude mixture of products was shaken with 
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small quantities of ether which removed the bitter principle as a yellow solution, 
which was reserved. The insoluble white residue was repeatedly crystallised from 
glacial acetic acid and gave fine needles melting at 256-58° (decomp.). They are 
colorless, odourless and tasteless and practically insoluble in coid or warm. water, 
sparingly soluble in benzene, but more soluble in hot alcohol, ethyl acetate or chloro- 
form, yield about 1%. 


A 4.25% solution in chloroform showed [a],°°=—133.5 and a 2.5% solution in 
benzene showed[a],°°= — 183.5. 

0.0004 G. of the substance in 0.1213 g. of camphor produced a depression of 
9°.16. Molecular weight found was 338.5. Lowering in freezing point in glacial acetic 
acid gave irregular values. (Found: C, 67.32; H, 7.48. C,sH..O; requires C, 67.5; 
H, 7.5 per cent). 


Hydrolysis.—Swietenin (0.1134 g.) in absolute alcohol (10 c.c.) was heated on 
the water-bath for # hour with 1oc.c. of N/to (approx.) NaOH with a sodalime 
guard tube. Titration of the excess of the alkali by 1.076N/10 oxalic acid indicated 
absorption of 3.35 c.c. of the equivalent alkali. (Found: Equiv., 312. C,.H..O; 
requires equiv., 320). 

The hydroxy-acid separated (mixed with a small amount of neutral lactone) on 
careful acidification in the cold and was purified by dissolving in rectified spirit and 
pouring into water. It was amorphous and extremely bitter in taste. It gave 
insoluble Ca, Cu**, Fe*** salts but not Ba or Ca salts, m.p. 208-1o° (decomp ). 
(Found: C, 63.62; H, 7.54. CisH2.O. requires C, 63-9; H, 7.7 per cent). Equivalent 
wt. found by titration with NaOH was 326. The small amount of the isomeric lactone 
formed with the hydroxy-acid was not further investigated. 


Test for Methoxyl Group.—Swietenin (0.286 g.) was treated with HI 
d 1.7) according to Zeisel’s method. The recovery of Mel was incomplete. 
(Found: MeO, 5.25, 5.0. C,sH2.0; requires MeO, 9.7 percent). The dark brown residue 
in the flask contained free iodine. The mixture was filtered through glass wool and the 
filtrate poured into water and extracted with ether. The ethereal layer was washed 
with thiosulphate, sodium bisulphite and sodium carbonate solutions and evaporated 
The brown residue on stirring with alcohol gave red needles which were recrystallised 
from alcohol. They became yellow at 145° and melted with sublimation and 
partial decomposition at 250°. ‘The sublimate consisted of red crystals. (Found. 
I, 55.6. C,sH.;,0,];, which may arise by addition of iodine at the double bond and 
replacement of the OH group by the halogen, requires 1, 55.7 per cent). 

Unsaturation.—Swietenin (0.1 g.) in glacial acetic acid (30 c.c.) and platinised 
asbestos ‘0.2 g.i was shaken for 3 hours in an atmosphere of hydrogen at 30°. There 
was no absorption of the gas and on evaporation of the solvent swietenin was recovered 
unchanged. Resistance to reduction was also found in the case of santonin by Clemo 
and Cocker (loc. cit.). Swietenin (0.2 g.) in 1oc.c. of glacial acetic acid was treated 
with bromine in the same solvent at 30° till no more of it was absorbed. After standing 
overnight the mixture was poured into water, washed by decantation with water 
containing sulphur divxide and filtered. The residue was purified by dissolving in 
6—17777P—4 
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alcohol and pouring into water, m.p. 170° (‘decomp.). (Found ; Br, 30.7. CisHosO,Br. 


requires Br, 33.3 per cent). 

Mercuration.—A mixture of swientenin (0.15 g.) and mercuric acetate (0.4 g.), 
dissolved in glacial acetic acid, was heated for $ hour at t00°. Mercurous acetate separa- 
ted and was filtered off after cooling the mixture. ‘The filtrate was poured into water and 
the white insoluble residue filtered, washed and dried. It was then boiled with benzene 
and filtered hot. ‘lhe filtrate on evaporation gave a white gum, which did uot 
rontain mercury and was possibly a dehydro compound formed by the oxidising 
action of the reagent. The compound was dissolved in chloroform and sulphuric 
acid was added gradually. 


On shaking the mixture after two minutes, the sulphuric acid layer becaime 


brown and the chloroform layer bluish. 
The mercurated residue, insoluble in benzene, melted at 225-27° ‘decomp.). 
‘Found: Hg, 33.3. Monoacetoxymercuri-swientenin requires Hg, 34.6 per cent). 
Colour treactions.—Some colour reactions with reagents for sterols and for cardiac 


aglucones were carried out with swietenin. The results are set down below: 


Rosenheim’s reagent No change. 

Kohlenberg’s reagent .. No change. 

Rosenheim and Callow’s reagent ... Yellow. 

Salkoski’s reagent Sulphuric acid layer yellow changing to 
deep brown 


Liebermann Burchard’s reagent ... Yellow ring changing to violet. 


CHEMICAL LABORATORY, 
Dacca UNIVERSITY Reeeived July 3, 1950. 
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NITRATION OF THE SULPHIDES OF 8-NAPHTHOL AND 
METHYL SALICYLATE 


By J. W. Arran AnpD D. M. KvuLKARNI 


Sulphides of 2:2’-diacetoxydinaphthyl and 3 :3’-dicarbomethoxy-4:4’-diacetoxydipheny! have been 
nitrated vielding products having both nitrogen and sulphur in the molecule 


Nitration of 2:2’-dihydroxydinaphthyl sulphide and of 3:3'-dicarbomethoxy-4:4’- 
dihydroxydiphenyl sulphide was attempted (Hirwe, J]. Amer. Chem. Soc., 1935, 57, 
1o1 ; Airan, J. Univ. Bombay, 1940, 9,115; this Journal, 1948, 25, 43) apparently with 
the intention of replacing the sulphur atom in the sulphide by a nitro group. The object 
of the present investigation is to nitrate the molecule in such a way that the sulphu: 
atom would ramain intact so that after subsequent reduction corresponding amino-sul- 
phides may be obtained. 

It has been found that 2:2/-diacetoxydinaphthyl] sulphide when nitrated (vide 
experimental) gives a nitro derivative in which both sulphur and acetoxy groups remain 
in tact. Hydrolysis of the compound yields a product which on further nitration gives 
1:6-dinitro-8-naphthol. This fixes the position of the earlier nitro group and also 
indicates the weakening of the sulphur linkage. 

3:3'-Dicarbomethoxy-4 : 4’-diacetoxydiphenyl suiphide, when similarly nitrated, gives 
a nitro derivative of the sulphide, the hydrolytic product of which unlike the one 
from the nitro derivative of 2:2’-diacetoxydinaphthyl sulphide remains unaffected on 
further nitration. When concentrated nitric acjd is, however, used as a nitrating agent, 
1:4:6-trinitrophenol is obtained. This indicates the position the earlier nitro group 
occupied in the molecule and also relatively greater strength of the sulphur linkage as 
compared with that in 8-naphthol sulphide. 


EXPERIMENTAL 


2:2'-Diaceloxy-6:6'-dinitrodinaphthyl Sulphide.—2:2'-Diacetoxydinaphthyl sulphide 
‘prepared by the method of Airan and Shah, J. Univ. Bombay, 1940, 9, 3, 121) (5 g.) 
was suspended in glacial acetic acid (5v c.c.), cooled in ice and strong nitric acid (d 1.4, 
25 c.c.). was added carefully with shaking. No visible reaction was observed as long as 
it was in ice but on allowing the mixture to attain the room temperature (28°) the 
reaction started. After the reaction was over the resulting solid was filtered and 
crystallised from chloroform, m.p. 208°. It contains both nitrogen and sulphur. 

Dilute nitric acid (2N to 4N) has under similar conditions no action. Concentrated 
nitric acid (d 1.4) without acetic acid as the solvent or medium gives the same product. 

Nitration with nitric acid (10 c.c., d.1.4) on warming gave copious brown fumes 
forming a dark red solution. Heating was continued till no more fume was given off. 
On pouring the product into ice and crystallising, the same nitro compound as above was 
obtained. It is soluble in chloroform, acetic acid, acetone and benzene, slightiy soluble 
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in alcohol and insoluble in carbon tetrachloride. (Found: C, 58.87; H, 3.35; N, 5.0; 
S,6.5. C.,H,.O3sN.5 requires C, 58.0; H, 3.25; N,5.69; S, 6.5 per cent). 

2:2’-Dihydroxy-6:6'-dinitrodinaphthyl sulphide was obtained by refluxing and hydro- 
lysing the acetoxy compound mentioned above i5 g.) by alcoholic potash ‘1N) for 2 hours 
or strong ammonia (sp.gr.o.88, 50 ¢.c.) for 4 hours. It melts at 224°. (Found: S, 7.73. 
C.oH,,0.N,S requires S, 7.84 per cent). On acetylation it gives the original acetoxy 
compound. 

Nitration of 2:2'-Dihydroxy-6:6'-dinitrodinaphthyi Sulphide.—The above sulphide 
(o 5 g.) was treated with a mixture of acetic acid (22.5 c.c.) and nitric acid (d1.4, 2.5 ¢.c). 
and heated till the evolution of brown fumes ceased. (On cooling and pouring over 
crushed ice, a yellow solid, too small to be examined further, separated out. From the 
red-orange filtrate on concentration yellow crystals of m.p. 194° were obtained and 
it was found to be 1:6-dinitro-8-naphthol. 

3: 3'-Dicarbomethoxy-4:4'-diacetoxydiphenyl sulphide (m.p. 94°) was obtained by 
acetylating 3:3'-dicarbomethoxy-4:4/-dihydroxydipheny! sulphide, obtained from methyl 
salicylate and sulphur dichloride (Kundergi ef al., Curr. Sci., 1936, 5, 1908; J. Univ. 
Bombay, 1937, 6, 82). 

3:3'-Dicarbomethoxy-4: 4'-diacetoxy-5: 5'-dinitrodtphenyl Sulphide.—The preceding 
sulphide (5 g.) was treated carefully with nitric acid (d 1.4, 15 c.c.) when reaction started 
with evolution of brown fumes. The product was then warmed to complete the reaction 
and then poured over crushed ice. The solid product was filtered and crystallised from 
acetic acid, as light needle-shaped crystals, m.p.244-45°. (Found : S,6.50. CzoH,O.2N2S 
requires S, 6.29 per cent). Hydrolysis of this compound by potash {1N) for 2 hours 
gave a crystalline product from glacial acetic acid, m.p. 263-65°. ‘Found: S,7.86. 
C,4H;0,,N.5 requires S,8.04 per cent). 

The above compound obtained by hydrolysis ‘o.5 g.) on nitration with nitric acid 
(d 1,4, 2.5 c.c.) in glacial acetic acid in the cold and even on warming does not yield any 
nitrated product, but on warming and using 4 c.c. of concentrated nitric acid, copious 
brown fumes are evolved and a red solution is formed from which on pouring into cold 
water and concentrating crystals of 2:4:6-trinitrophenol, m.p. 120°, are obtained. 


RAJARAM COLLEGE, Received August 2, 1950 
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STUDIES IN ELBS PERSULPHATE OXIDATION. PART II. OXIDATION 
OF a- AND {-NAPHTHOLS AND SOME NAPHTHOL DERIVATIVES 


By R. B. DESAI AND SURESH SETHNA 


a-Naphthol, 2-acetyl-e-naphthol, 1-hydroxy-2-naphthoic acid, 8-naphthol, 2-hydroxy-3-naphthoic acid, 
4’-methyl-1:2-naphtho-a-pyrone and 4'-methyl-2:1-naphtho-a-pyrone have been subjected to nuclear 
oxidation with potassium persulphate in aikaline solution and the corresponding para- or ortho- 
oxidation products obtained. 


In continuation of the work described in part | (Parikh and Sethna, this Journal, 
1950, 27, 369) on the oxidation of some coumarin derivatives, 4'-methyl-1 : 2-naphtho-a- 
pyrone was subjected to this oxidation by following the technique described in part I 
of opening out the a-pyrone ring, and the hitherto unknown 4-bydroxy-4’-methyl- 
1: 2-naphtho-a-pyrone (I) derivative obtained in good yield. As the oxidation of 
naphthol derivatives with potassium persulphate has not been studied before and as the 
statement of Baker and Brown (J. Chem. Soc., 1948, 2303) that this reaction was not 
successful with a-naphthol appeared incongruous with the above finding, it was thought 
worthwhile studying the application of this reaction to «- and 8-naphthols and some of 
their derivatives. ‘The general reaction conditions of Baker and Brown (loc .cit.) have 
been followed. It is now found that a-naphthol can be successsfully oxidised and 
1:4-dihydroxynaphthalene obtained. A complex product 1s also formed in this reaction. 
1 : 4-Dihydroxynaphthalene has been previously prepared by a number of workers by 
the reduction of «-naphthaquinoze (Groves, J. Chem. Soc., 1873, 28, 209 ; Plimpton, 
ibid., 1880, 37, 635; Wolff, Annalen, 1913, 399. 278 ; Spruit, Rec. trav. chim., 1947, 66, 
655)- 

1: 4-Dihydroxynaphthalene on Pechmann condensation with ethyl acetoacetate 
gave the same coumarin as obtained by the oxidation of 4’-methyl-1: 2-naphtho-a-pyrone. 

2-Acetyl-« naphthol has been oxidised in good yield to 1: 4-dihydroxy-2-acetylnaph- 
thalene which has been recently perpared by Spruit (Joc. cit.) by Fries reaction on 1: 4- 
diacetoxynaphthalene. 1-Hydroxy-2-naphthoic acid has been oxidised in good yield 
to the known 1: 4-dihydroxynaphthalene-2-carboxylic acid, previously prepared by 
carboxylation of 1: 4-dihydroxynaphthalene (Russig, J. prakt. Chem., 1900, ii, 62, 30) 
and by the action of alkaline sodium hyposulphite on diethyl 1: 4-dihydroxy-2: 3-naph- 
thalate (Homeyer and Wallingford, J. Amer. Chem., Soc., 1942, 64, Soo). 

B-Naphthol on oxidation gave the known 1: 2-dihydroxynaphthalene in a very 
poor yield. Baker and Brown (loc cit.), who have also oxidised 8-naphthol by this 
method, observe that the yield of the oxidation product is insignificant. 1 : 2-Dihydroxy- 
naphthalene has been prepared previously by the Dakin oxidation of 1-acetyl-2-naphthol 
and 2-acetyl-1-naphthol (Minoru Imoto, J. Chem. Soc. Japan, 1937, 58, 932) and by 
the reduction of 8-naphthoquinone (Stemhouse and Groves, /. Chem. Soc., 1877, 31, 
53 ; Liebermann and Jacobsen, Annalen, 1882, 211, 58; Paul, 7. angew. Chem., 1897, 
10, 24 ; Fieser and Hartwell, J. Amer. Chem. Soc., 1935, 57, 1484). 
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2-Hydroxy-3-naphthoic acid has been oxidised in better yield than in the case of 
8-naphthol to the known 1: 2-dihydroxynaphthoic acid, previously prepared by a 
series of reactions from 1-naphthalene-azo-2-hydroxy-3-naphthoic acid (Mohlau and 
Kriebel, Ber., 1895, 28, 3080) and by the action carbon dioxide on disodium §-naphtho- 
quinol (Russig, loc.cit.). 

4’-Methyl-2: 1-uaphtho-a-pyrone has also been oxidised and a product obtained 
in poor yield. 

The 3-position in 8-naphthol is found to be very unreactive and if the 1-position is 
occupied, either the substitution does not take place or it takes place preferably in the 
6-position (cf. Fieser and Lothrop, J. Amer. Chem. Soc., 1035, 51, 1459; Bell and 
Hunter, J. Chem. Soc., 1950, 2903). The structure of 6-hydroxy-4/-methyl-2 : 1- 
naphtho-«-pyrone (IJ) is therefore tentatively assigned to the above oxidation product. 


, / 


2 3 
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It has been found in the present work that in the case of «-naphthol and its derivatives 
the oxidation takes place with the fromation of 1: 4-dihydroxynaphthalene and its 
derivatives in about 25% yield. In the case of 8-naphthol and its derivatives, however, 
the yields are very poor because the oxidation has to take place in the ortho or the 
6-position. This is in keeping with the observation made in the case of oxidation of 
phenols and their derivatives that in ortho-oxidation the yields are very poor (Baker and 
Brown, loc.cit.)}. 

1 :4-Dihydroxybenzenes and -naphthalenes are hitherto obtained from phenols and 
a-naphthol derivatives through a series of reactions. ‘The smooth formation of these 
compounds in a single step therefore suggests its wider application in synthetic work. 


EXPERIMENTAL 


Oxidation of «-Naphthol-1 :4-dihydroxynaphthalene.—+-Naphthol (7.2 g.) was dissoiv- 
ed in sodium hydroxide solution (10 g. in 100 c.c. of water) and a saturated solution of 
potassium perSulphate (13.5 g. in 270 c.c. of water} was added dropwise during 3 hours 
with mechanical stirring, at o°. After the addition was complete the reaction mixture 
was kept overnight in a frijidaire. It was then just acidified with concentrated 
hydrochloric acid when some black substance (4 g.) came down. ‘This was refluxed with 
rectified spirit and filtered. ‘The filtrate on evaporation yielded a smail quantity of «- 
naphthol, while the insoluble substance was found to be a complex product which did not 
melt even on a spatula. The reaction mixture was extracted with ether twice. The 
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ether extract on removal of the solvent yielded further quantities of «-naphthol (total yield, 
1g.) Excess of hydrochloric acid (150 ¢.c.) was then added and the reaction mixture 
heated on a boiling water-bath for half an hour. It .was then allowed to cool when 
it deposited long needles ‘1.4 g.) of 1: 4-dihydroxynaphthalene. The crystals were 
filtered and recrystallised from rectified spirit in colorless tiny needles, m-.p. 192°. 
Russig (‘oc.cit.) gives m.p. 187° and Wolff (l/oc.cit.). m.p. 192°. Ether extract 
gave a further quantity (0.2 g.) of the same substance. 


It is found that if the reaction mixture is not cooled properly during the addition 
of potassiuin persulphate, no 1: 4-dihydroxyaaphthalene is obtained but only a complex 
product melting at a high temperature is obtained which we have not worked up further. 

Diacetyl Devivative.—1: 4 Dihyddoxynaphthalene was acetylated as usual with 
acetic anhydride and fused sodium acetate and the product obtained was crystallised 
from dilute alcohol in colorless plates, m.p. 127°. Korn (Ber., 1884, 17, 3025) gives 
m.p. 128-30°; Russig (Joc. cit.), m.p. 125°. 


Oxidation of 2-Acetylnaphthol: 1:4-Dihydroxy-2-acetylnaphthalene.—2-Acetyl- 
z-naphthol (3.1 g.), prepared according to Witt and Braun (Ber., 1914, 47, 3210), was 
added to sodium hydroxide solution (3.4 g. in 84 c.c. of water). Asit did not form a clear 
solution even on heating on a steam-bath, pyridine (15 c. c.) was added to dissolve it. 
The oxidation was carried out as before with potassium persulphate (4.5 g. in 90 c. c. of 
water). On working up the reaction mixture the product (2 g.) which came down on 
just acidification was found to be the starting material. The product obtained during 
heating with excess of concentrated hydrochloric acid {50 c¢.c.} was crystallised from 
rectified spirit in tiny yellow needles (0.5 g.', m.p. 210°. Spruit (loc. cit.) gives m.p. 
206° ‘closed capillary). It gavea pale green coloration with alcoholic ferric chloride. 

The 2:4-dinitrophenylhydrazone, prepared as usual, was crystallised from acetic 
acidpyridine mixture in dark red tiny needles, n.p.265-67°‘decomp.). ‘Found: N, 14.2. 
C,sH,,O.N, requires N, 14.6 per cent). The diacetyl derivative, prepared with acetic 
anhydride and pyridine as usual, was crystallised from rectified spirit in brown needles, 
m. p. 100°. Spruit (Joc. cit.) gives m. p. 102° 

Oxidation of 1-Hydroxy-2-naphthoic Acid: 1:4-Dihydroxy-2-naphthoic Acid. — 
1-Hydroxy-2-naphthoic acid which was previously prepared (Eller, Annalen, 
1869, 152, 277; Schaeffer, ibid., 1869, 162, 291) by passing carbon dioxide in 
a mixture of %-naphthol and sodium at water-bath temperature, or by treating 
the dry sodium salt of 2-naphthol with carbon dioxide and then heating the naphthyl 
carbonic acid salt in an autoclave at 120°-140° ‘Schmitt, Ber., 1887, 20, 2690) or by 
passing CO, in a boiling solution of sodium and @-naphthol in toluene (Oddo, Alti 
Accad. Lincei, v, 10, 241) has now been prepared by the following simplified 
method. 


@.Naphtho! (15 g.) was thoroughly mixed with potassium bicarbonate (30 g.! and 


5 


glycerine {30 g.) was added and the mixture heated at 120°-125' for 4 hours in an oil-bath 
anda steady stream of carbon dioxide passed in ail the time. The solid formed was 
treated with water and the insoluble, unreacted *-naphthol was filtered. The carbonate 
solution was then acidified with concentrated hydrochioric acid and the solid obtained 











216 R. B. DESAT AND S, SETHNA 


was filtered, washed with water and crystallised from rectified spirit in needles (7 g.), 
m.p. 194-95°. Eller (loc.cit.)gives m.p. 186-88° ; Anschutz, Weber and Runkel 
(Annalen, 1906, 346, 361), m.p. 191-92°. 

The above acid (3.1 g.) was dissolved in sodium hydroxide soiution (3.4 g. im 34 ¢.c 
of water) and was oxidised with potassium persulphate (4.5 g. in 90 ¢.c. of water). 
The product ‘1 g.), which came down on just acidification, was found to be the original 
acid. The product obtained after heating with excess of concentrated hydrochloric 
acid {50 c.c.) was crystallised from glacial acetic acid in needles (0.8 g.), m.p. 201-202”. 
Russig (/oc.cit.) gives m.p. 186°; Homeyer and Wallingford (loc.cit.), m.p. 200°. 
It gives a green coloration with alcoholic ferric chloride and the solution in alcohol 
shows a blue fluorescence. 

Monoacetyi Derivative : 1-Hydroxy-4-acetoxy-2-naphthoic Acid.—It was prepared by 
heating the above acid with acetic anhydride and pyridine, and crystallised from acetic 
acid in colorless plates, m.p. 194-95°. Russig (loc.cit.) gives m.p. 193°. 

Oxidation of B-Naphthol: 1: 2-Dihydroxynaphthalene.—8-Naphtho! (7.2 g.) was 
dissolved in sodium hydroxide solution (10g. in too c.c. of water) and oxidised as 
before with potassium persulphate (13.5 g. in 270 c.c. of water). The dark coloured 
product (4 g.) came down on just acidification from which a small quantity of 8 -naphthol 
could be extracted by boiling with petroleum ether (b. p. 60°-80°). ‘The reaction 
mixture was then heated with excess of concentrated hydrochloric acid (150 c.c.). 
As no precipitate was obtained the reaction mixture was extracted with ether, but 
only a tarry mass was obtained from the ether extract. This was extracted with petroleum 
ether (b.p. 60°-S0) when tiny white needles of 1 : 2-dihydroxynaphthaiene were 
obtained in very poor yield, m.p. 103°. Fieser and Hartwell (loc.cit.) gives m.p. 
101-102°. This substance gives no characteristic colour with alcoholic ferric chloride. 
It has a severe corrosive action on the skin, especialiy in solution. 

Oxidation of 2-Hydroxy-3-naphthoic Acid : 1: 2-Dihydroxy-3-naphthoic Acid.— 
2-Hydroxy-3-naphthoic acid (4.7 g.) was dissolved in sodium hydroxide solution (5 g. 
in 50 c.c. of water)and oxidised as before with potassium persulphate (6.8 g. in 140 
c.c of water). The product (2.5 g.) which came down on just acidification was found 
to be 2-hydroxy-3 naphthoic acid. The product obtained after heating with excess of 
concentrated hydrochloric acid (50 c.c.) was crystallised from alcohol in brownish 
green crystais (0.8 g.), m.p. 235° fefferv.). Mixed melting point with 2-hydroxy-3- 
Russig (loc.cit.) gives m.p. 215°; Mohlau 


°o 


naphthoic acid was lowered by over 20°. 
and Kriebel (loc.cit.), m.p.220.5°. The acid gives a green colour with alcoholic ferric 
chloride. The diacetyl derivative, prepared as usual, was crystallised from glacial 
acetic acid in white needles, m.p. 210-11°. Russig (loc.cit.) and Mohlau and Krichel 


(loc.cit.) give m.p. 206-207°. 

Oxidation of 4’-Methyi-1 ; 2-naphtho-2-pyrone : 4-Hydroxy-4'-meihyi-1 : 2-naphtho- 
a-pyrone (I).—4'-Methyl-1 : 2-naphtho-«-pyrone (2 g.) (Robertson, Sandrock and Hendry, 
J. Chem. Soc., 1931, 2426) was dissolved in sodium hydroxide solution (2 g. it: 20 c.c. 
of water) by heating on a boiling water-bath and oxidised with potassium persulphate 
(2.6 g. in 55 .c. of water). The product (0.2 g.) which came down on just acidification 
was found to be the starting materia]. ‘lhe product obtained after heating with excess 
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of concentrated hydrochloric acid (50 c.c.) was crystaliised from dilute alcohol in 
yeliowish tiny needles (0.8 g.), m.p. 288-89°. (Found: C, 73.8; H, 4.7. CyHwOs 
requires C, 74.3; H, 4-4 per cent). The product is soluble in sodium hydroxide with 
deep yellow colour and gives no coloration with alcoholic ferric chloride. Mixed 
melting point with the product obtained by the Pechmann condensation of 1: 4- 
dihydroxynaphthalene ‘1 g.) (obtained by the oxidation of a-naphtho! as described 
before) and acetoacetic ester (1.2 g.) in presence of sulphuric acid '80%, 8c.c.) by 
keeping overnight was not depressed. 

The acetyi derivative, prepared as usual, was crystallised from rectified spirit in 
yellowish needles, m.p. 187-88°. (Found: C, 71.2; H, 4.5. CisHi20, requires C, 71.6; 
H, 4.5 per cent). 

Oxidation of 4’-Methyl-2 : 1-naphtho-o-pyrone : 6-Hydroxy-4’-methyl-2: 1-naphtho- 
a-pyrone (I1).--4'-Methyi 2: 1-naphtho a-pyrone (4 g.) (Murti, Rao and Seshadri, Proc. 
Ind. Acad. Sci., 1937, 6A, 321} was dissolved in sodium hydroxide ‘4 g. in 4o c.c. 


of water) and oxidised with potassium persulphate (5.2 g. in 1ooc.c. of water), The 
product (1.5 g.) which came down on just acidification was found to be the starting 


material. The product which separated during heating with excess of concentrated 
hydrochloric acid {100 c.c.) was crystallised from dilute alcohol in yellow needles 
(0.2 g.), m.p. 285-86°. (Found: C, 74.2; H, 4.5. CisH,oOs requires C, 74.3; H, 4.4 
per cent). The product is sparingly soluble in sodium hydroxide and gives no colora- 
tion with alcoholic ferric chloride. 

The acetyi derivative, prepared as usual, was crystallised from rectified spirit in 
tiny crystals, m.p. 190-91°. (Found: ©,71.4; H, 4.2. CieH,2O, requires C, 71.6; 
H, 4.5 per cent). 

ORGANIC CHEMISTRY LABORATORIES, 


THe INSTITUTE OF SCIENCE, Received August to, 1950. 
BOMBAY. 
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ANALYTICAL CHEMISTRY OF THORIUM. PART VI. SEPARATION 
FROM RARE EARTHS. CAMPHORIC ACID 


By D. S. N. Murty ann Bu. S. V. RAGHAVA Rao 


It is shown that camphoric acid precipitates thorium quantitatively in an ammonium acetate buffer. 
The approximate pu has been determined as 4.2 and higher. Cerite earths are precipitated by the 
reagent at pa 6.2 and higher. Separation of thorium from the cerite earths has been achieved by a 
double precipitation at pa 4.4. The procedure has been utilised for the estimation of thorium in monazite 
extracts. The behaviour of a few other elements Ni, Co, Ti, etc., towards the reagent has also 


investigated. 


In the course of an extended search for reagents for the separation of thorium from rare 
earth elements in monazite, we have investigated the behaviour of camphoric acid. The 
acid is comparatively strong and only buffering with ammonium acetate brings about 
complete precipitation of thorium. A number of common elements (vide infra) interfere 
along with Ce!’, Ti, and Zr. Rare earth elements even in equal proportions contaminate 
the thorium precipitate, but on a second precipitation this interference disappears. ‘The 
thorium precipitate is then remarkably pure up to 1:15 ratios of ThO, to R,O,. In this 
way thorium in monazite can be easily estimated. 


EXPERIMENTAL 


Estimation of Thorium.—A stock solution of thorium nitrate (10 ml., equivalent to 
0.0749g. of ThO,) was diluted to 100 ml. and heated to boiling ; then 5 ml. of 10%ammo- 
nium acetate and 100 ml. of a boiling 1%solution of camphoric acid were added. The 
precipitate which was bulky at first soon became more compact and settled rapidly. It 
was filtered while hot through a 11 cm. Whatman No.41 and washed with 0.1%camp- 
horic acid solution, partially dried and ignited to the oxide. Two successive estimations 
gave the values 0.0749 and 0.0748 in good agreement with the theoretical. 

Composition and Properties of the Precipitate.—The precipitate was finally washed 
with hot water and dried to constant weight at 105°. Ignition tests on the dried residue 
indicated a composition approximating to O=Th (OOC).C,H,,, 3H,O. It was also 
noticed that thorium camphorate was markedly soluble in concentrated ammonium acetate 
solution, which was further investigated as follows. The precipitate was shaken up for 
several hours with 100 ml. quantities of acetate solutions of different concentrations. 
The liquid in each case was filtered through a dry filter and the filtrate (50 ml.) was tested 
for thorium with the following results. 

When, however, v 5 g. of camphoric acid was added to the acetate solution in each 
case, no colorimetric test for thorium could be obtained in the filtrate up to 5%ammonium 
acetate solution. These semiquantitative investigations reveal that although thorium 
camphorate is appreciably soluble in concentrated ammonium acetate solution, buffering 
with moderate quantities leads to no significant loss of the metal and the presence of 
excess camphoric acid renders precipitation quantitative. 
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TABLE | 


Soiu! tlity of thorium camphorate in 100 ml. of ammonium acetate solutions 


Ammon. ace- Reagent used. Reaction Amount of ThO, Remarks 
tate soln. in 100 ml. of 
the filtrate 
10% Oxalic acid Precipitate 2.5 mg. The precipitate is washed 
and ignited to oxide 
5 Do Slight turbidity 6.4 Comparison with standard 
1 {a) Do No turbidity = 
ib) Alizarin S Pink colour 2.0 Colorimetric 
0.5 Do Very slight pink 
Do 
0.25* Do Coloration I 


hardly visible 
* Corresponds to the quantity of tue buffer in an actual precipitation 


Influence of pu on the Completeness of Precipitation and Removal of Cerite Earths.— 
Preliminary tests on the precipitation of thorium by the acid showed that below pu 4.2 it 
was incomplete and above pu 6.2 the cerite carths started to precipitate. The optimum 
bu wasthen about 4.4. As has been already stated, camphoric acid is a moderately 
strong acid and in 1% solution has a pu 3.4. To establish the requisite pu of 4.4 in the 
final liquid for the complete precipitation of thorium, the thorium solution (or thorium 
cerium mixture) should have a pu of ~ 5.4. This was achieved by making the solution 
neutral to Congo red, diluting to too ml. and then adding 5 ml. of 10%ammonium 
acetate solution. 

Separation from Cerite Earths.—Even ata pu of 4.4, which is far from the px 6.2 for 
the precipitation of cerite earths, contamination by the latter occurred and for the complete 
removal a second precipitation became necessary. For this purpose the precipitate first 
obtained was ouly partially washed, then dissolved in hot 1:4 nitric acid. The solution 
was neutralised to Congo red with dilute ammonia and the precipitation of thorium was 
repeated. The results are shown in Table II. 


TABLE II 


Vol. of Th (NO;), taken=10 ml. 


No. Wt. of R2O; Wt. of ThO, Wt. of ThO, Error. 
added. present. estimated. 
1 0.053 g. 0.0749 g- 0.0767 g. +0,0018 
0.0747" — 0.0002 
2 0.159 0.0749 0.0761 +0.0012 
0.0749* oes 
3 0.318 ( .0749 0.0769 +0.0020 
0.0750* +0.0001 
4 0.932 0.0749 0.0781 +0.0032 
0.0746* —0 0003 
5 0.795 0.0749 0.0791 +0.0042 
0.0745" — 0.0004 


* Double precipitation. 
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Interference from Other Eiements.—A number of common elements are precipitated 
either partially or completely along with thorium by the reagent; Ni and Co do not 
interfere. The behaviour of other elements is summarised below. 

Ti, Ce!¥, Fe!!', and Al are completely precipitated. 

Pb is partially precipitated. The lead salt dissolves on boiling with water, but sial! 
quantities always accompany thorium even ina triple precipitation. 

Be is partially precipitated in the co!d and completely on boiling. 

Cu and U are incompietely precipitated. 

Estimation of Thorium in Monazite.—Thorium in the phosphate-free neutral mona- 
zite extract (cf. Part I of this series, this Journal, 1950, 27, 457) was estimated with the 
reagent after a double precipitation. The following results were obtained. 


TABLE III 
No. Monazite Wt. of ThO, estimated with Error. 
soln. taken. m nitrobenzoic acid reagent. 
1 10 mi. 0.0810 g *o.0809 g- —0.0C0OL 
2 20 0.1620 *0.1621 —0.0001 
*Mean ot four consecutive determinations. 
CHEMICAL LABORATORIES, Received September 15, 1050. 
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COMPOSITION OF COMPLEX FERRIC FERROCYANIDE (PRUSSIAN 
BLUE) BY POTENTIOMETRIC METHOD 


By Asani K. BHATTACHARYA AND R. S. SAXENA 


The composition of ferric ferrocvanide has been stu ‘ied by potentiometric method using ferri- 
cvanide-ferrocyanide electrode. The composition arrived at closely approximates to KFe [Fe(CN)¢]l, 
but is influenced by factors such as hvdrolysis and adsorption 

According to the equation 

[Fe (CNig}'¥*— [Fe (CN) le +- — 
i fe 16) >! e i git+ 


the oxidation potential of the ferricyanide-ferrocyanide electrode is given by 


[Fe (CN)g}” 


E=E,+0.059 Int 
59 OT Be (CN's] 


at 25° 

In the titration of ferric chloride with potassium ferrocyanide solution containing a 
little ferricyanide (Galetti, Bull. soc. chim., 1861, ii, 2,83; Z. anal. Chem., 1865, 4, 
213) so long as there is an excess of ferric ions in the solution, the concentration 
of ferrocyanide is small and so the potentia! of the electrode is high. As soon as the 
ferric ions are quantitatively precipitated, the next drop of ferrocyanide solution causes 
an inerease in [Fe (CN),]’”, and hence a decrease in the oxidation potential occurs. 
The equivalence point may therefore be detected. 


EXPERIMENTAL 


‘Analar’ ‘B. D. H.) reagents were used, and standard solutions of potassium 
ferrocyanide and ferric chloride were prepared. In all the titrations potassium 
terrocyanide containing 1% potassium ferricyanide was used (Kolthoff and Furman, 
‘* Potentiometric Titrations’’). Electrode used was of platinised platinum foil (Muller, 
Z. physikal. Chem., 1914, 88, 44), and it was used in conjunction with a saturated 
calomel electrode. Curves were plotted between the volume of ferrocynide added and the 
E (observed), and from the fall of the curves the equivalence point could be found out. 


TABLE I 
M/20-FeC1, solution. = 20 c.c. (Fig. 1). 


M/5-K,Fe(CN)¢ E (obs.). M /s-KyFeitCNig E (obs.) M/5-KyFe(CN)¢ E (obs.). 
added. added. added. 
0.0 ¢.c. 0.4500 volt 28c. 0 3555 volt 4.6 c.c. 0.2540 volt 
0.5 0.4260 3.9 0 3500 5.0 0.2360 
1.0 0.4060 3.2 0.3440 §.2 0.22g0 
es 0.3895 24 0.3400 5.4 0.2200 
1.8 0.3810 3.5 0.3380 56 0.2150 
2.0 0.3760 3-6 0.3320 5.8 0.2090 
2.2 0.3715 3-8 0.3205 6.0 0.2050 
2.4 0.3660 4.0 0.3105 6.5 0.2009 
2.6 0 3610 4-2 0.2960 7.0 0.1900 
4-4 0.2750 
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M/ 10-K,Fe(CN)¢ 
added. 


0.0 C.C 
0.5 
1.0 
1.5 
2.0 
2.5 


3.0 
30 
34 


M/10-KyFe{CN'¢ 
added. 


0.0 €.C. 
0.5 
1.0 
1.5 
2.0 
2.5 
3.0 
3-5 
4.0 
5.0 
5-5 


M/20-K,Fe(CN), 
added. 


0.0. C.Cc. 
1.0 
2.0 
3:0 
4.0 
5.0 
6.0 
7.0 
8.0 
9.0 

10.0 
1r.0 

11.5 


a. K. BHATTACHARYA 


AND R. S. 


TABLE IT 
M/40-FeCl, solution.=20 c.c. (Fig. 2). 


SAXENA 


E fobs.). M/10-K4Fe (CN)g E (obs.). M/:z0-Ky, Fe'CN)g 
added, added. 
0.3900 volt 3-6c¢c 0.3200 volt 5.4 ¢.c. 
0.3775 3-8 0.3105 5.6 
0.3700 4.0 0.3000 6.0 
0.3620 4.2 0.2900 65 
0.3520 4.4 0.2700 7.0 
0.3475 4.6 0.2500 7.5 
0.3350 4.8 0.2355 8.c 
0.3300 5.0 0.2250 8. 
0.3255 5-2 0.2200 
TABLE [il 
M/20-FeCl, solution= 20 c. c. (Fig. 3). 
E iobs.). M/10-K,yFe'CN)g¢ E ‘obs.}. M /10-KyFe(CN)¢ 
added. added 
0.4650 volt 6.0 C.c. 0.3500 volt 9-2 Ce. 
0.4480 6.5 0.3425 9-4 
0.4230 6.8 0.3400 9.6 
0.4100 7-0 0.3375 9-8 
0.4000 7-4 0.3320 10.0 
03-905 7.8 0.327¢ 10.2 
0.3830 8.0 0.3250 10.4 
0.3775 8.4 0.3175 11.0 
0.3720 8.6 0.3100 12.0 
0.3590 8.8 0.3050 13.0 
0.3540 9-c 0.3000 14.0 
TABLE IV 


M/20-FeCl, solution=20 c.c. (Fig. 4}. 


E tobs.). 


0.4450 volt 
0.4325 
0.4190 
0.4065 
0.3980 
0.3890 
0.3825 
0.3760 
0.3695 
0.3630 
0.3560 
0.3510 
0.3495 


M/20-KyFe(Cn}g 
added. 


12.0 C.¢. 
13.0 
140 
14.4 
15.0 
15.4 
15.8 
16.4 
17.9 
17.6 
18.0 
18.4 
18.6 


E (obs.). 


0.3480 volt 
0.3430 
0.34/0 
0.3370 
0.3340 
0.3320 
0.3305 
0.3280 
0.3240 
0.3200 
0.3170 
0.3130 
0.3110 


M/20-KyFe(CN)s 
added. 


18.8 c.c. 
19.0 
19.2 
19.4 
19.6 
19.8 
29.0 
20.4 
20.8 
21.4 
22.0 
23.0 
24.0 





E icbs.). 


0.2150 velt 
9.2085 
0.2000 
0.1900 
0.3850 
0.1800 
0.1750 
0.1725 


E (obs.’. 


0.2400 volt 
0.220% 
0.2700 
0.2550 
© 4520 
0.2450 
0.2400 
0.2250 


0.2155 


E (obs.). 


0.3080 volt 
0.3030 
0.2980 
0.2950 
0.2900 
0.2885 
0.2860 
0.2820 
0.2780 
© 2740 
0.2710 
0.2670 
0.2640 











Fig. 


> eo wn 


From Table V it is clear that the observed titre values, which correspond to the 
sudden fall in potential in the curves are slightly lower than the theoretical ones required 
for the formation of the compound KFe[Fe (CN),], while they are widely different from 
those required for the formation of the compound Fe, [Fe(CN),]s. 


E‘obs.) * 102, 
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E(obs.) x 10? 
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Summary of resuits of potentiometric titrations. 
Titre values for 20 c.c. of FeCl, 
Calc. for the formation of comps. 


K,Fe (CN). Fe, [Fe(CN)¢], 


M/s5 

M/r10 
M/io 
M/20 


Fig. 1 
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M/t0-KyFe(CN)¢(c.c.) 
mann (loc. cit.) and Muller and Takagami (Z. anal. Chem., 1928, T8, 284) also observed 
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(obs.)X 102. 
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Observed from 
curves, 
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that in precipitation reactions the maximum leap did not occur at the theoretical point 


of equivalence. 




















Fig. 4 
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M/10-KyFe(CN)e¢(c c.) 


would tend to lower the titre values. 
the equilibrium 
[Fe (CN), }"¥ 
[Fe (CN), ]™ 


In conductivity titrations also 
we have observed that the 
formation of KFe[Fe (CN), ] 
is supported when potassium 
ferrocyanide is added to ferric 
chioride (this Journal, 1951, 
28, 141). The slight discre- 
pancy between the theoreti- 
cal and the observed titre 
values can be explained by 
the tendency of the complex 
formed to hydrolyse. Due 
to hydrolysis, the potassium 
ferrocyanide released, will 
react with some ferric 
chloride solution with the 
“esult that the observed 
titre values would be lower 
than the required theoretical 
values. 

The phenomenon of 
adsorption has also been 
observed in the formation 


of this complex and this too, 


Hydrolysis and adsorption phenomena disturbing 


seem to be responsible for these discrepancies between the calculated and the observed 


values. 


these investigations. 
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PLANT ALKALOIDS. PART I. BERBERIS FLORIBUNDA, WALL. EX DON. 


By R. CHATTERJEE 


The root of Berberis floribunda, Wall. ex Don. has vielded eight alkalcids, e g., oxyacanthine, 
berbamine, berberine, eptberberine, palmatine, dehydrocorvdaline, jatrorrhizine and columbamine. 
B. floribunda appears to be the first instance of bearing epiberberine, which was prepared by Perkin 
during his synthetical studies on berberine and cryptopine alkal-ids (J. Chem. Soc., 1918, 113, 492). 


Berberis floribunda, Wall. ex Don. (Family Berberidaceae) is an erect shrub, ro ft. 
high. It grows in Nepal, from where the plant material was procured and identified 
by Dr. S. K. Mukerjee, Curator of the Herbarium, Indian Botanic Garden, Sibpur, 
Calcutta. Several Indian species of Berberis have been examined chemically (Henry, 
“The Plant Alkaloids,’’ 1949, p. 328), but they have not yielded so many alkaloids, 
and it is interesting to obtain as one of the constituents, epiberberine, for the base 
has so far been of synthetical interest (Perkin, ]. Chem. Soc., 1918, 118, 492), though 
Goto and Kitasato (ibid., 1940, 1234) isolated I-tetrahvdro-epiberberine or sinactine 
from the roots of Sinomenium acutum, Rehd. and Wils. (Family Menispermaceae). 
The following flow sheet indicates the method of isolation of the alkaloids from the 
plant. 

EXPERIMENTAL 


Air-dried, finely powdered {60 mesh: root ‘1 kg.) of B. floribunda was extracted 
with ethanol (95%). The solvent was removed under reduced pressure and the sticky 
brown residue was treated with iced water (500 c.c.) and filtered to remove resinous 
matter. The clear dark brown solution was cooled to o° and made alkaline with 
ammonia (25%), when a sticky amorphous solid separated and the mixture was extracted 
with ether: A. ‘The ether layer. B. The aqueous layer. 


A. Treatment of the Ether Layer 


On removal of ether, a sticky brown residue was left behind. This was soxhletted 
with dry ether when most of the residue dissolved. The mixture was filtered and the 
filtrate was concentrated and kept for three days in an ice box when a small quantity 
of practically colorless crystals separated, which were filtered and then dissolved in 
hydrochloric acid (5%) and kept in the ice box for several days, when a very small 
quantity of the crystals of a hydrochloride appeared which were filtered : I. The crystals. 
II. The filtrate. 

I. Identification of Oxyacanthine from the Crystals.—The crystals were dissolved 
in warm water and basified with ammonia, which precipitated an amorphous oxyacan- 
thine base. ‘The base was taken up in ether and the ethereal solution on long standing 
in an. ice box yielded a very small quantity of colorless needles of oxyacanthine which 
on crystallisation from methanol melted at 216° im vacuo. (Foand : C; 73:1; ‘A, 


8—1777P—4. 
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6.9; N, 4.6. CyrHswO.N, requires C, 72.99; H, 6.6; N, 4.6 per cent). 





The needles 


did not depress the m.p. of oxyacanthine, m.p. 216° in vacuo, isolated from Mahonia 
Griffithii, Takeda (Chatterjee and Guha, J. Amer. Pharm. Assoc., 1950, 39, 182) and 


gave all the colour reactions for oxyacanthine as described in the above paper. 
An Outline of the Method of Isolation of the Alkaloids 
Powdered root 
Soxhletted with ethanol ; solvent removed. 
Ethanol extract 
aa with water ; filtered; residue rejected 
Filtrate 


Treated with ammonia ; extracted with ether. 








$ | t 





Ether layer : Aqueous layer ; 
Oxyacanthine | 
and | Treated with HC!; 
berbamine | filtered. 


ee ee eee ee 


Filtrate : Vellow precipitate : 


Berberinium chloride 


| 
Treated with NaOAc and KI solution; and 
filtered ; filtrate rejected. , —— 
epiberberinium 
chloride 


Yellow precipitate of a mixture of iodides of bases 
| 
ts with AgC!; filtered ; residue rejected 
A brown solution of the chlorides of bases. 


| 
| Reduced with Zn and HOAc; basified with ammonia ; 
—T with ether ; aqueous layer rejected. 


Ether layer 


| Shaken with NaOH solution. 
! 


y 1 





Hther layer : Alkaline layer : 
Tetrahydropaimatine Tetrahydrojatrorrhizine 
and and 
corydaline tetrahydrocolumbamine. 


Il. Identification of Berbamine from the Filtrate.—The filtrate was cooled and 
treated with sodium nitrate solution, when a small quantity of crystals of berbamine 


nitrate was deposited. The free base was liberated as above with ammonia 


crystallisation from methanol melted at 155° with decomposition. (Found : 


, which on 


C92.8 ; 


H, 6.9. CsrHwO,N requires C, 72.99; H, 6.6 per cent), The m. p, and colour 
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reaction of the base indicate it to be berbamine, which was confirmed by mixing it 
with an authentic sample of berbamine (loc, cit.) and determining the m.p. 156° (decomp, ) 


B. Treatment of the Aqueous Layer 


The clear brown aqueous solution was treated with hydrochloric acid to give an 1% 
solution and allowed to stand overnight in an ice box when a mixture of orange and 
yellow chlorides separated and filtered: I. The crystals. II. The filtrate. 

I, Examination of the Crystals.—The mixture of the chlorides were fractionally 
crystallised from methanol in which orange crystals were less soluble than the yellow 
ones. Yields of (a) yellow chloride, 5 g. and (b) orange chloride, 0.01 g. 

Identification of the Yellow Chioride as Berberinium Chloride.—The chloride was 
dissolved in water, and was basified with sodium carbonate solution, and on cooling 
yellow silky needles of the free base were obtained. ‘They were purified by repeated 
crystallisation from ethanol. ‘Found: CH,O,, 10.2. C.H»Os;N, 5.5H,0 requires 
CH,0O,, 10.17 per cent). 

The Acetone Compound.—The yellow chloride (0.1 g.) was dissolved in water 
(10 ¢.c.) and was mixed with 10% sodium hydroxide solution (4 c.c.), heated to 50°, 
mixed with acetone (5 c¢.c.) and allowed to cool, when lemon-yellow crystals gradually 
separated, m.p. 168° (decomp.). The crystals did not depress the m.p. of an authentic 
sample of the acetone compound of berberine, m.p. 168° (decomp.). 

The Picrate.-—An ethanolic solution of picric acid was added to a warm ethanolic 
solution of the chloride, when on cooling glistening yellow needles of the picrate, 
m.p. 238° (decomp.) were obtained. ‘The crystals did not depress the m.p. of berberine 
picrate, m.p. 237-39° (decoimp.). 

Tetrahydroanhydroberberine.—The yellow chloride (2 g.) was dissolved in water 
(75 c.c.) and reduced by zinc dust and acetic acid by warming on the water-bath 
until the colour of the mixture became pale yellow. The mixture was filtered, cooled 
and treated with ammonia till the precipitated zinc hydroxide went in solution. It 
was then extracted repeatedly with ether, and on removal of the ether, a colorless crys- 
talline product was obtained (1.4 g.), which was crystallised from methanol, m.p. 172°. 
It did not depress the m.p. of an authentic sample of tetrahydroanhydroberberine, 
m.p. 173°. 

Identification of the Orange Chloride as epiBerberinium Chioride.—The crude 
orange crystals were dissolved in water, treated with animal charcoal and then mixed 
with concentrated hydrochloric acid, when orange crystals began to separate after some 
time. ‘Found: C, 64.0; H, 4.8. CH,,0,NCI requires C, 64.6 ; H, 4.8 per cent). 

The acetone compound was prepared by the method of obtaining the acetone 
compound of berberine, as yeliow prisms, m.p. 162°. 

The picrate of the base was also obtained by the method of preparation of berberine 
picrate. It melted not very sharply at 222° (decomp.) as mentioned in literature 
(Perkin, loc. cit.) ; berberine picrate, however, melts at 239° (decomp., Pictet and Gams, 
Ber., tot, 44, 2485). 

Tetrahydroanhydroepiberberine.—A sample of the chloride was reduced by zinc 
and acetic acid by the method of reduction of berberinium chloride to obtain colorless 
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prisms of tetrahydroanhydroepiberberine, m.p. r7o-71°. (Found: C, 70.5; H, 6.5. 
Cs0H;,0,N requires C, 70.8; H, 6.2 per cent). 

II. Examination of the Filtrate.—The filtrate ‘500 c.c.) was treated with sodium 
acetate solution, followed by an aqueous solution of potassium iodide (1: 1) which 
precipitated the remaining bases as iodide (7.2 g.) which was filtered and the filtrate 
rejected. 

The iodide was then suspended in water {300 c.c.) and was digested with freshly 
precipitated silver chloride (10 g.) for 15 hours. ‘The hydrochloride of the bases thus 
formed went in solution and was filtered and was immediately reduced by zinc and 
acetic acid (40 c.c.) and concentrated hydrochloric acid (20 c.c.) by warming on a 
water-bath. The reduced solution was filtered, cooled, and treated with ammonia 
till the precipitated zinc hydroxide redissolved. The solution was then extracted 
exhaustively with ether and the ether layer was washed with 5% sodium hydroxide 
solution. (i) The ether layer. (ii) The alkaline solution. 


(i) Treatment of the Ether Layer.—The ethereal solution was evaporated and the 
pale yellow residue (2.5 g.) was dissolved in methanol. On fractional crystallisation 
colorless prisms. m.p. 135°, separated first and the motler-liquor on concentration 
deposited crystals, m.p. 144°. 

Identification of the Crystals of M. P. 144° as Tetrahydroanhydropalmatine.—The 
crystals did not depress the in.p. of an authentic sample of tetrahydroanhydropalmatine, 
m.p. 144°. (Found: C, 70.6; H, 7.2; N, 3.8. (C::H:,0,N requires C, 70.98; H, 
7.04 ; N, 3.94 per cent). 


Identification of Crystals of M. P. 135° as Corydaline.—The crystals formed the 


hydrochloride of m.p. 206° and the nitrate of m.p. 196-97°. ‘Found: C, 71.4; H, 7.7; 
N, 3.8. Ca:H.2,O,N requires C, 71.55; H, 7.3; N, 3.79 per cent). 


(ii) Treatment of the Alkaline Solution.—The solution was cooled in ice and 
acidified with hydrochloric acid and was basified with ammonia and the crude reduced 
base which did not keep weil in air was dissolved in methanol and was treated with 
tincture of iodine and warmed on the water-bath for one minute and then filtered. 
The filtrate was decolorised with a mixture of dilute hydrochloric acid and sodium 
bisulphite and was allowed to cool. Two crops of crystals were obtained. Both were 
recrystallised from methanol, m.p. 210° and 223° respectively. The crystals of m.p. 
210° did not depress the m.p. of jatrorrhizine iodide, m.p. 2 0-12°. Since columbamine 
iodide melts at 223-24°, it appears that the crystals of m.p. 223° are of columbamine 
iodide. As the quantity of the crystals was very small, it was not possible to examine 
The percentage of nitrogen present in the crystals agrees with that of 
C,.H2.0,N.I requires N, 3.0 per 


the base in detail. 
nitrogen in columbamine iodide. (Found: N, 3.2. 


cent). 
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STUDIES ON THE DEPENDANCE OF OPTICAL ROTATORY POWER ON 
CHEMICAL CONSTITUTION. PART XXXVI. THE ROTATORY 
DISPERSION OF PHENYL., o-, m- & p-TOLYL-IMINO- 

AND -AMINOCAMPHOR 


By BawA KARTAR SINGH AND KARTAR SINGH 


The rotatory dispersion of phenyl-, 0-, m- and p-tolylimino and amino-d-camphors in different solvents 


It is therefore ‘‘simple”’. 


. - k 
has been found to obey Drude'’s one-term formula, |a]= xP?" 
—Ag 


The effect of solvents and of the position isomerism of the substitueat groups in the benzene ring 


on the rotatory power of these compounds has been discussed. 
The effect of conjugated double bonds on the rotatory power, which is phenomenal in these series 


of compounds, as wel! as on the ‘‘characteristic’’ absorption band (Ag) is also discussed. 


In parts I and II of this series of investigations (Singh et al., J. Chem. Soc., 1919, 
115, 566; 1920, 117, 980) the rotatory power of phenyl-, o-, m- and -tolyl-imino- and 
-amino-d-camphor was recorded in two solvents for one wave-length (Nap). In the 
present case we have determined the rotatory dispersion of aryliminocamphor deriva- 
tives for 6 wave-lengths ‘A6708 to 45461) in 6 solvents and in the case of the correspond- 
ing aminocamphor derivatives for 12 wave-lengths in the visible region of the spectrum 


‘A678 to A4358) in two solvents. 


EK-X PERIMENT 


Phenyl-, o-, m- and p-tolyl-imino- and -amino-d-camphors were prepared by the 
method of Singh and collaborators (loc. cit.). 

The rotatory power determinations were made in a 2-dem. jacketed tube at 25°. 
The values of As, calculated from the dispersion formulae, are given in Tables I to VIII 
and are expressed as » or 107* cm, 


Nature of the Rolatory Dispersion 


These compounds exhibit “‘simple’’ rotatory dispersion as their rotatory power can 


be expressed by Drude’s one-term equatior, 


i 
la] ™ v=, 


It is found that the differences between the observed and the calculated vaiues of 


the rotatory power, as given in Tables I to VIII, lie within the limits of experimental 


errors allowed in such measurements. Out of 216 observations, in 170 cases the 


difference in the observed angle of rotation is within 0.02°, in 24 cases within 0.03° 


and in the remaining 22 cases, within 0.05°. 
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TABLE V 


Phenylamino-d-cam phor. 














Solvent Benzene Kthyl alcohol 
Conc. (g./100 ¢.c.) 1.0000 5.0000 
1) le) 8 29-78 _ 
Cale. "420.1287 A?—0.07551 
( A, 0.3588 0.2748 
Tine obs. cal, 0-¢. obs. cal. 0-¢. 
{0) (c) (0) (c) 
Ligzos 59-00° 58-43° +0.57° 79-5° 79-5° +oo° 
Cdeqrg as — — 86.0 87.8 —1,8 
Ligios 78.00 77.02 +0.98 100.0 100.2 —0.2 
Nasqq3 84.00 85.92 —1.92 109.0 109.6 —-0.6 
Hgs780 90.00 QI.41 —i.41 114.5 115.2 —0.7 
Hgsi6) 112.0 110.7 +1.3 131.0 133.8 —28 
Agsa09 133.0 131.7 +1.3 151.0 152.2 —1.2 
Cross 143.0 144.4 —1.4 "161.0 162.6 —1.6 
Cd4s00 186 0 184.7 +1.3 193-0 192.3 +0.7 
Cdyers mn — é— 209.0 207.7 + 163 
Trigsor — —_ — 220.0 238.5 +1.5 
Hgiass —_ — — 260.0 260.0 +0.0 
TapLe VI 
o-Tolylamino-d-camphor. 
Solvent Renzene Ethyl! alcohol 
Conc. (g./100 c.c.) 1.0000 1.0000 
[a] 14.32 25-4 
Calc. A2—o. 1101 \2—0.0416 
A, 0.3451 0.2040 
Line. obs. cal. 0-c. obs. cal. 0-€ 
(0) (c) (0) (c) 
Ligzos 43-5° 43-27° +0.23° 61.0° 62.19° —1.19° 
Cdei38 49.5 48.88 +0.62 68.0 68.1 0.1 
Ligios 56.5 56.53 —0.03 75-0 76.76 —1.76 
Nasgg} 62.5 62.77 —0.27 82.5 83.1 —0.6 
Hgsza0 64.5 66.61 —0O.11 87.0 86.84 +0.16 
Heiser 80.0 79.91 +0.09 99.0 99.0 +0.0 
Ags209 93.0 94.08 —1.08 111.5 110.6 +0.9 
Cd sogs 100.0 102.7 —2.7 117.0 116.9 +0.1 
Caysoq _ — = 135.0 134.5 +0.5 
Cdgere 143.0 143.5 —0.5 eins a —_ 


wa 


Lisson 154.0 154.5 —0.5 I51.0 148.2 +2! 
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TABLE VII 


m-T oiylamino-d-camphor. 








Solvent Benzene Ethyl alcohol 
Conc. (g./100 ¢.c.) 1.0000 1.0000 
{a} 28.54 __ 28.89 
Calc. A? — 0.0623 A? — 0.0447 
A, 0.2496 0.2114 
Line. obs. cai. 0-¢ obs. cal O-¢ 
(0) (c) (0) (c) 
Ligzos 74.0° 73-60° +0.40° 70.50° 71.29° —0.79° 
Cde438 83.0 81.04 +1.96 78.50 78.12 +0.38 
Liigios 92.0 g1.98 +0.02 86.0 88.12 —2.12 
Nas5e92 302.0 100.2 +1.80 95-0 95.52 —0.52 
Hgsiso 107.0 105.0 +2.00 100.0 99.84 +0.16 
Tigss6) 121.0 121.0 +0.00 114.5 114.0 +0.50 
Agssog 140.0 136.6 +3.40 127.5 127.5 +<.0 
Cdsos¢ 148.0 145-3 +2.70 134.0 135.0 —1.0 
Cadgs 09 167 0 169.7 —2.70 155.0 155-6 -—06 
Ligeg3 191.0 190.9 +0.1 _ = ae 
Hgass - _ 200.0 198 8 +20 


TABLE VIII 


p-T olylamino-d-camphor. 








Solvent Benzene Ethyl alcohol 
Conc. (g./100 c.c.) 1.0000 1.0000 
re [a] 21.61 24.82 
Calc. ’3—0.0990 A?—0,0584 
A, 0.3146 0.2417 
Line. obs. cal" 0-¢ obs. cal. o-c 
(0) (c) (0) (c) 
Tsigzgs 63.00° 61.58° —0.58° 61.50° 63-39° —1.89° 
Caéq3s 70.50 68.50 +2.00 79.00 69.72 +0.28 
Ligio4 79.00 79.02 —0.02 79-00 79.05 —0.05 
Nasgq3 88.00 87.06 +0.94 84.50 85.96 —1.46 
Hgs780 93-00 gI.g1 +1.09 90.00 90.05 —0.05 
Hgsaei 108.5 108.5 +0.00 103 5 103.5 +0.09 
Aganno 126.0 125-4 +0.60 120.0 116.6 +3.4 
Colgses _ sl _ 123.5 124.0 0.50 
Liggo. 190.0 191.6 — 1.60 162.0 161.8 +0.20 


Hgg358 235-0 237-5 2.5 189-5 188.7 +0,80 








934 B. K. SINGH AND K. SINGH 


The Effect of Solvent on Rotatory Power 

The molecular rotatory power, [M]*,,, of these compounds in different solvents 
is given in Table IX. The values of molecular rotation constants, Kys, are also given 
in parenthesis ‘The order of decreasing rotatory power is as follows : 

1. Phenylimino-d-camphor: benzene > pyridine >chloroform > ethyl alcohol 
> acetone > methyl alcohol. The sequence is in the reverse order of their dielectric 
constants except for pyridine and acetone. 

2. 0o-Tolylimino-d-camphor: benzene > pyridine > chloroform > acetone > ethyl 
alcohol > methyl alcohol. The sequence is in the reverse order of their dielectric 


constants except for pyridine. 
3. m-Tolylimino-d-camphor : benzene >pyridine > chloroform > acetone > methyl 


alcohol > ethyl alcohol. ‘The sequence agrees in the reverse order of their dielectric 


constants except for pyridine and methyl alcohol. 


TABLE IX 
[M] 0. 
No. Substance Benzene. CHCl. Pyridine. Acetone. EtOH. MeOH. 
(Formula) § [2.28] [5.2] [12.5] {21.6] [25.8] [31.2] 
Do WT 2235 2100 2194° 1966° 2032° 1930° 
1. R NC » {298.4)3 (317-1) (336.4) (287.5) (309.4) (297-4) 
CH, 
= Nw 2013 1659 1997 1025 1473 1399 
2. R=N < » (280.5) (255.5) (299.0) (244.8) (221.8) (184.7) 
CH, 
=N— 2534 2348 2519 2161 2092 2118 
3. R=N < 2 (364.9) (326.9) (363.7) (318.2) (295-2) (290.2) 
4: R=N—C SCH, 2073 3090 2988 2754 2644 2800 
aahaniong) (350.1) (438.3) (381.2) (410.1) (375-8) (365-4) 
5- RH.NHX » 272.1 on iets ae 318.4 — 
(45.62) (71.78) 
CH; 
mr 205.6 
6. RH.NH— (36.80) aa a — 254.4 — 
—_ (65.27) 
CH; 
- 311.0 _ —_ — 294.3 _ 
7° RH.NH— (73.33) (74.25) 
ae 278.8 — _ om 266.0 _ 
8. RH.NH—C »cH 3(55.54) (63.80) 


§. The values in square brackets under the solvents refer to dielectric constants. 


t. The values in brackets refer to molecular rotation constants. 


oO 
* R stands for ct 
Cc: 
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4. p-Tolylimino-d-camphor: chloroform > pyridine > benzene > methyl alcohol 
> acetone > ethyl alcohol. The sequence agrees in the reverse order of their dielectric 
constants except for benzene and methyl alcohol. 

In the case of phenyl- and o-tolyl-amino-d-camphor, the rotatory power, like the 
dielectric constants, is higher in ethyl alcohol than in benzene, whereas in the case of 
of mand p-tolylaminocamphors the rotatory power is in the reverse order of their dielec- 


tric constants. 
The Effect of Position Isomerism of the Substituent Group in the 
Benzene Ring on the Rotatory Power 


In Table Xa, the increasing order of the molecular rotatory power, [M]*,,, of 


phenyl-, o-, m- and p-tolyliminocamphors is given. The order of Kys, the molecular 


rotation constants, is also given in square brckets. 
TABLE XA 


Solvent. {M “af Solvent in ll 

— CSS MSL, Aceon SSB SESh 
Chloroform to y- na : ‘ : 4 Ethy! alechol 7 < = é sad < *] 
Pyridine ele Poe ee 9 Methyl alcohol om cues bl 


In all the six solvents the increasing order of the molecular rotatory power of 
:o<un<m< p. 


these aryliminocamphor derivatives is the sane, namely : 

The results are in conformity with Frankland’s “‘lever arm’’ hypothesis(J. Chem. 
Soc., 1896, 69, 1583) as well as its clectrostatic “modification by Rule (ibid., 1924, 1265, 
1121). Comparison of the values of Ays, however, shows that the order of increasing 
rotation constants agrees with “‘lever arm’’ hypothesis of Frankland or its electrostatic 
modification of Rule only in chloroform, pyridine and acetone. 

In nocase is Cohen's rule (ibid., 1911, 99, 1058), namely, the rotatory power of 
the o-derivative differs more from that of the unsubstituted compound than does that 
of the m- or p- derivative, obeyed in these componds (Table IX). 

In Table Xn, the order of increasing molecular rotatory power of phenyl-, o-, m- 


and p- tolylaminocamphor derivatives is given. The order of Kos, is also given in 


brackets. 
TABLE XB 


are 
4) 


Solvents {[M] P 
5461 


Benzene ocun<c pcm 
, fo<un< p < mj} 


. o<cpcm<cun 
thy! alcohol {p <0 < un < m} 


In no case is the generalisation of Frankland or of Rule obeyed. 
Cohen’s rule, however, is strictly followed in the case of two solvents investigated, 


namely, benzene and ethyl alcohol (Table IX). 
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The Effect of Unsaturation on Rotatory Power 

The molecular powers, [M]*®*\,,, of the arylimino- and -amino-camphor derivatives 
in benzene and ethyl alcohol are given in Table XI. The differences in the values 
of the rotatory power of the aryliminocamphor compounds and their corresponding amino 
derivatives are also shown in the table. ‘The remarkable fall in the rotatory power of 
aryliminocamphor derivatives on their reduction into the corresponding amino compounds 
may be correlated with a break (dotted line, Ib) in the conjugation of the double bonds 
of the carbonyl, azethenoid and the phenyl groups present in the aryliminocamphor 


derivatives thus : 
CO 
CeHs | ——s | ° ( ) 
C=N S —> C,H : - 
ae Hw NH 4 OS 


Conjugation broken 


. 85° 


35 ° _— ° 
(M) 6 = 2235 CM) 61 =272.1 
(Ia) (Ib) 
TABLE XI 
Substance. Benzene Ethy! alcohol 
so ~SCOall in a "Fall in 
_M 561 rotation. (M J sant rotation. 
( a 4 
I, ia) R=N \ » 2235° 2032° 
1 hs 1962.9° 1713.6° 
‘b) RH.NH—C » 292.1° 318.4" 
CH, 
Il. (a) R=N—C » mes? a7" 
CH 1807.4° 1218.6° 
3 
(b) RH.NH—C 2 205 6° 254.4° 
CH; 
Til. (a) R=N—€ » 2534° 2092° 
cH 2223.0° 1797-7° 
__ is 
(b) RH.NH—C » 311.0° 294-3° 
IV. (a) R=N—C >—CH: 2973° 2644° 
2694.2° 2378.0 


(b) RH.NH—C >-CH, 278.3° 266.0° 
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The Influence of Solvent, the Nature and Position of the Substituent group in 
the Benzene ring and of the Unsaturated Conjugated double bonds present in Optically 
acive compounds on the Wave-length of the “‘characteristic’’ Absorption band im the 
Ultraviolet region. 

Taste XII 


Characteristic wave-lengths (A,s) in 4. 


Substance Benzene. CHCl. Pyridine. Acetone. EtOH. MeOH. 
(formula) 
— n—¢ ,: 4061 3835 3806 3899 3821 3798 
CH 
=o * 3990 3802 3851 3842 3845 4081 
2. R=N ~< 7 
CH, 
3. R=N—< » 3930 3987 3918 3886 3962 4014 
4. R= n—C »—-cH, 4246 3954 4130 3869 3947 4096 
5. RH.NH= _»> ‘iis on Siero ea o 
CH, 


6. RH. NH= < » 3451 - a= = 2040 am 


CH, 
RH.NH-€__»> o 


“NI 
. 


-_ ‘eis —_ 2114 _ 


8. RH.NH—C S—CH, 3546 _ — _ 2417 _ 


CO 
R stands for c | | 
Cc 


In Table XII are given the wave-lengths of the ‘‘characteristic’’ absorption bands 

deduced from the one-term Drude’s equation, [a]= "85 , in eight optically active 
mA © 

compounds, namely, phenyl-, o-, m-and -tolyl-imino- and -amino-d-camphors. The 
“characteristic’’ absorption band of phenylimino-d-camphor in solvents such as chloro- 
form, pyridine, methyl alcohol and ethy] alcohol is shifted with minor variations to the 
red end of the spectrum when a hydrogen atom of the benzene ring is replaced by a 
9—1777P—5 
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methyl group in the ortho, meta or para position, whereas, in benzene and acetone solu- 
tions the the shift is towords the ultraviolet end. 

The wave-iengths of the “‘characteristic’’ aborptions bands of phenylamino-d- 
camphor (A,=358848 in benzene solution and A,=2748A in ethyl alcohol 
solution) are shifted to the ultraviolet end of the spectrum when a hydrogen atom in 
the benzene nucleus is substituted by a methyl group. It is, however, significant that 
both the solvents, namely, benzene and ethyl alcohol act in the same way, whereas, 
in, the case of the corresponding tolylimino derivatives they generally act in the opposite 
sense as regards their influence on the shift of the “‘characteristic’’ absorption band. 

It has been remarked above that the breaking of the conjugation between the 
double bonds of carbonyl group, azethenoid group and the benzene ring produces a 
phenomenal fall in the rotatory power in the resulting amino derivatives. Similarly 
the ‘‘characteristic’’ absorption band has been very considerabley shifted from the 
near ultraviolet end of the spectrum to the far distant uitraviolet e.g., from 3962 
to 21144 in ethyl alcohol and from 3930 ~=s to 24964 in benzene in the case 
of meta derivatives (vide ‘Table XII). 


ORGANIC CHEMISTRY RESEARCH SECTION, 
THE HinpU UNIVERSITY, Received January, 1950. 
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POTENTIAL REVERSIBILITY OF ‘JOSHI EFFECT’ IN IODINE VAPOUR 
UNDER SILENT ELECTRIC DISCHARGE 


By A. P. SAXENA 


The hysteresis in Joshi effect in I; observed by previous workers has been studied under different 
conditions of ageing and it has been observed that the phenomenon is almost entirely due to the ageing 
effect, and hysteresis, if any, is negligible. 

Results obtained using both a diode and an I N 34 germanium crystal detector are identical and 
lead to the same conclusion that true hysteresis is absent. 


Studies in Joshi effect, an ‘almost) instantaneous and 1eversible photo-dimunition 
of the electrical conductivity, in iodine vapour (Deshmukh, Proc. Ind. Acad. Sci., 
1949, 24A, 243,; Joshiand Deshmukh, Proc. Indian Sci. Cong., 1942,-A, 38) have 
shown interesting behaviour. The magnitude of the effect was observed to vary in 
the order: Cl, > Br, > 1, (Joshi, Cur. Sci., 1947, 16, 19) and in iodine vapour 
very little effect could be observed. The observation of Joshi effect in iodine was 
considered to be nearly impossible without a sensitive indicator and adequate irradia- 
tion. A time-variation of discharge current produced under a constant field, known 
as ‘ageing’, was found very prominent in iodine ‘Joshi and Deshmukh, Proc. Indian 
Sci. Cong., 1942, Chem. Sec., Abs. No. 7) and the non-coincidence of observation for 
Joshi effect for rising and falling potentials, called ‘hysteresis’, was also recorded 
(Joshi and Murty, ibid., 1942, Chem. Sec., Abs. No. 67; Joshi and Raghavan, ibid., 
Abs. No. 64). The light effect in iodine was reported to be both positive and negative 
(Joshi and Bhatt, ibid., 1942, Abs. No. 61) depending upon the conditions and 
magnitude of applied potential. Hence, it was of interest to work out further details 
on iodine vapour and certain illuminating observations were recorded by the author. 


EXPERIMENTAL 


The general assemblage of the apparatus is similar to what has been used by 
various workers in the field and is shown in Figs. 1 and 2. Fig. 1 refers to when the 
detector used is a reflection galvanometer suitably shunted (Gambrell make) actuated 
by a diode 83 V (Sylvania). Fig. 2 refers to the arrangement when the detector was 
the same galvanometer suitably shunted and actuated by germanium crystal diode 
IN 34 (Sylvania). ‘The diode is a post-war development of Sylvania Electric Company. 
It is reported to have a uniform rectification characteristic for various frequencies from 
o to 150 mega-cycles. For taking observations at various temperatures, a heating 
chamber has been introduced in which the ozoniser is kept. The chamber consists 
of an asbestos-lined wooden box which has a glass window on one side. The interior 
of the box is heated electrically by passing current through heating coils, which are 
distributed throughout the area to ensure uniform temperature in the enclosure. By 
suitably adjusting the current, the temperature could be controlied to.2°. ' The tem-’ 
perature was varied in the heating chamber by passing different currents through the 
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heating coils. Half a dozen observations by varying the temperature from 23° to 10v” 
and also by changing the chokes were taken, but only a few relevant observations have 


been produced. 


I'lc. 1 
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The ozouiser used is a Siemens type (glass) ozoniser, containing powdered iodine 
(Mercks’ extra pure) in the bulb and connected to a Topler for evacuation. The ozoniser 
was sealed off after keeping exposed for vacuum for more than 48 hours. The iodine 
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vapour was in contact with the solid phase. The ozoniser was in use for a pretty long 
time and hence it was already sufficiently ‘“‘aged’’ when the author started work. 

The ozoniser was excited under various applied fields of 50 cycles frequency and 
the discharge current was observed when the ozoniser was in the dark (ip) and when 
irradiated (i,) externally from an incandescent bulb placed inside a chamber with pully 
operated shutters. From these data, the net Joshi effect Ai=i,p—i, and % Joshi 


effect % di= ai x 100 were calculated. 


tp 
Potential variation of ‘Joshi effect’ n Iodine Vapour contained in an aged ozoniser 


Transformer ratio= 1: 50 app. Frequency of A.C. supply = 50 cycles/sec. 
Source of irradiation = 220 volts, 100 watt (glass) bulb. Detector = Diode 83 V. 








Temp. = 25° 
TABLE I 
Ozoniser aged for 2 hours at 5 kV (r. m. s.) Ozoniser aged for 8 hours at 5 kV (r. m. s.) 
Applied Rising and falling potentials Rising and falling potentials 
potential 
in kV. it. t. As. SAL. ip. tp. At. BAL. in, tr. Ai. %At t. hh. 8A. BAL. 
0.35 4 0.5 3-5 87-5 1) 3-25 0-5 2-75 84.6 3-5 0-25 3-25 93 13-5 0.25 3-25 93 
0.4 35 05 3 85.6 2.75 0.75 2 73 2.75 0.95 25 90.9 2.75 0.25 2-5 90.9 
0.55 2 0.5 1.5 75- eg 3 1.5 60.0 2.25 0.75 1.5 66 2.25 0.75 1.5 66 
0.75 365 2-75 0.75 21.4 3-25 2-75 0.5 15 2.75 2 0.75 27 2.75 2 0.75 27 
1.25 Oe 10.245 0 oO 10.25 10.25 0 0 9-25 9.25 oO O 9-25 9-25 0 0 
TasBLe II 
(a, Ozoniser aged for 1 hour at 5 kV, and left to stand. 
Applied Observations after 24 hours Observations after 48 hozrs of the previous set. 
potential 
inkV. 4. t&. Ad. BAs iv. tr. Ab. BAI. ip. tf. Al. RAR t. t. Ad. KAS 
0.35 12.2 2.75 9.5 78 A 5.5 0.25 5.25 95 12.75 2 10.75 83 / 55 0.25 5-25 95 
0.4 15 0.75 14-2595 6.25 0.5 5-75 92 13-25 0.75 12-5 94 45 05 4 88 
0.55 6 S18. 74) 06: 36. .8 5-5 1.25 4.25 77 3-§ %.2§ 2.25 64 
0.75 5 e°3 wee es BS 45 2.5 2 44 4° 2.95 t.0¢ 38 
1.25 +» a. 0 9 9 o ° Sine TO 0.25 2 10.25 10 0.25 2 
(b) Ozoniser aged for 2 hours at 5 kV, and left to stand. 
Observations just after. Observations after 48 hours. 
in, tn. Di. BAI. fp. ix. Lt. HAi. ip tt. Ai. BOs tpn th At. BAL. 
0.35 4 05 3.5 88 3-25 05 275 85 11.25 Sh 10.5 93 35 0-25 3-25 93 
0.4 3-505 3 86 2.75 0.75 2 73 11.75 0.5 11.25 96 2.75 0.5 2.25 82 
0.55 2 OF 3-§ 75 265 I 1.5 60 3-25 9.75 25 77 2.25 1 1625 55 
0275 3-5 2-7§ 0-75 21 3-45 2:7595 15 3-25 2.25 1 31 3 2.5 0.5 16 





1.25 Wikies 10.25 0 © 10.25 10.25 © ) 10 10 o v 0 to o o 
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Transformer ratio=1: 50 app. Frequency of A. C. supply=50 cycles/sec. Source 
of irradiation=220 volts, 100 watt (glass) bulb. Detector=IN 34 germanium crystal 


diode. . . 
(a). Temp. 23°. Observations after ageing the ozoniser for a few hours. 
- Choke A=2.5 milli henries 
01S A ; 31S Choke B=100 milli henries 
25 Rising and falling potentials 25 
Ss Fe Ss ei ; ” a+ Rising and falling potentials 
<a to. 61. Ai. BAS. tye ir. Af. WAL. < & ‘ 
ip. ic. Af. WA. ip. tr. Ad. BAL. 
0.35kV:.5 oO -§ 00 * 1.5 0 4.5 100 0.35kV. 16 2 14° 87.5 1) 15-5 2 ¥3.5 87.1 
0.4 9 © 9g 100 9 “e"'¢g 106 0.4 as’ 2°32 ory os’ 2° ar- “Org 
0.6 23 © 23 WO 22 Oo 22 100 06 20 1 19 9Q5 21 I 20 ~ 95-2 
0.75 35 © 35 100 35 O 35 100 0.75 12 1 Il o1.6 13 I 32 92.3 
I 36 1 35 97 355 I 345 97 I 6 24 66.6 6 2 4 66,6 
1.5 v} 21 2 Ig 90 21 2 19 go 1.5 1 8 3 5 62.5 8 - s 62.3 





(b) Temp. 23°. Observations taken after the ozoniser was given a slow temp. treat up to 1c0 


0.35 3 0.35 . 4-4 
0.4 6 0.4 11 
0.6 18 0.6 38 
0.75 25 0.75 63 
I 40 I 124 
1.5 82 T5 


DISCUSSION 


It was remarkable that aged ozoniser in use still showed ‘‘hysteresis’’ and hence 
it was quite certain that in the initial stages of the working of the ozoniser, the 
influence of ageing was found very prominent. Observations were taken after ageing 
the ozoniser for different intervals of time continuously. Observations for two such 
intervals are recorded ‘Table I). It is found that near V», the threshold potential, 
at which the gas breaks down as a dielectric, the % hysteresis is small but as 
the pontential rises, it becomes prominent, e.g. at o.4kV, the Joshi effect for 
rising and falling potential was $5.6 and 73 ‘when the ozoniser was aged for 2 hours) 
and 94 and 90.9 (when the ozoniser was aged 4 hours), while at 0.55 kV, the corres- 
ponding effects were 75 and 60.4, aud 77 and 66. When the ozoniser was aged for 
continuously 8 hours and observations recorded ‘Table 1), the observations ‘or rising 
and falling potentials agreed to a surprising accuracy. 

The observations were repeated using 1 N 34 germa:.ium crystall diode. This 
attempt was taken up with a view to studying if the reported hystersis was associated 
with the A. C. detectors. Table ‘III shows the results of such operations. The 
observations for rising and falling potentials tolerably agree. These sets were repeated 
with various values of chokes and at various temperatures and all the observations - 
led to the same kind of result. 
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According to Joshi’s mechanism of the effect, the formation of absorption layer 
on the walls of the ozoniser is fundamental to the production of the effect: The 
adsorption layer explains clearly the “‘ageing’’ effect and its deactivation or derangement 
may lead to the reported hysteresis. Hence, observations were recorded ‘Table II) 
after resting the ozoniser for sufficiently long periods after ageing. If during the 
‘rest period”’ there is any deformation of this layer, it would be evident from- the 
observations. It is interesting to note that ip, i:, and Ai are widely different for 
rising and falling potentials, though % Aji is not sensibly affected. Studying the 
influence of ageing on Joshi effect in a freshly prepared ozoniser containing hydrogen 
{Vishwanathan, this Journal, 1949, 26, 199), it has been observed that moderate period 
of rest after ageing improves the %Joshi effect, while very large intervals, extending 
to days, exert a deteriorating influence. This kind of behaviour is explainable only 
on the postulate of “‘A variable adsorption-like boundary layer’’ postulated by 
Joshi ‘Cur. Sci., 1945, 14, 175) and which is the main seat of the phenomenon of Joshi 
effect. These variations occur in a freshiy prepared ozoniser, but if the ozoniser is 
aged, as is the present one under investigation, the time variation of the effect is 
negligible, as has been observed by Deo in chlorine ‘Proc. Ind.-Acad. Sci., 1945, 214A, 
76); and by the author in iodine vapour. 


On account of the fact that the life of an atom in an excited state is very small 
(T = 107 sec.), it is quite normal to expect ‘for low frequencies of A. C. potential) that 
the number of atoms in the excited states, whether the potential is increased from a lower 
value or decreased from a higher, should be practically identical. Hence, it is difficult to 
understand the occurrence of “‘hysteresis’’ on Joshi’s theory which contemplates three 
stages viz., ‘1) formation of an adsorption-like boundary layer on the electrode suface 
under the applied field, (2) photo-electric emission from this layer under irradiation, 
and (3} the capture of photo-electrons by the excited atoms and molecules to form slow 
moving negative ions and produce the observed photo-dimunitions Mi as a space-charge 
effect, unless some derangement or deactivation of the adsorption layer occurs affecting 
the electronic emission on exposure. ‘The observations clearly show that if the 
boundary layer is properly set by continual ageing, the apparent hysteresis disappears. 
If the ozoniser is left to itself, the layer deactivates but soon sets if the ozoniser is 
aged one and the hysteresis disappears. 


The frequency of A. C. supply may complicate the effect as it approaches the 
life of an atom in the excited state. It has been established that the Joshi effect 
decreases with increase in frequency and ultimately vanishes at radio frequencies. 
The experiments of Webb and Messenger (Phys. Rev., 1929, 38, 319; on the reduction 
of the photo-electric current, as the frequency of A. C. voltage is varied from or below 
60 cycles (zero frequencies) to about 10’ cycles per sec. (radio frequency), may help 
to explain the cause of the absence of Joshi effect at very high frequencies. 


Hundreds of sets taken in these laboratories showed the anomalous behaviour of 
in, With exciting potential ip rising to a maximum then gradually diminishing and 
then continuously rising. Looking to the observations of Deshmukh (Proc. Ind. Acad, 
Sci., 1949, 248A, 243) the author finds that similar behaviour of ip has been observed by 
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him also, but it appears to have been lost sight of. Studying the effect of temperature 
on the production of Joshi effect, it is striking that at higher temperatures, the 
anomalous behaviour of ip disappears, i. e. mow the current ip rises with exciting 
potential continuously. This result becomes still more illuminating, if the observations 
are repeated after slowly cooling the ozoniser at the room temperature. Here the usual 
behaviour of ip with potentials is found. It is therefore suggested that proper ageing 
of heavier gases like Br,, I, is never complete though they may be in use for a pretty 
long time, and hence, a “hysteresis effect’’, which is in fact the ‘ageing effect’’, will 
normally be observed. Incidentally it appears that a better method of ageing an ozoniser 
will be to give it aslow temperature treat raising its temperature slowly and bringing 
it back to room temperature continuously passing the discharge during the operation. 
This method will very soon eliminate any ageing complications and will show results 
which can be relied up on. 

The author’s grateful thanks are due to Dr. S. S. Joshi, D. Sc., F. N. I., and 
Dr. W. V. Bhagwat, D. Sc., for keen interest during the course of the investigations. 


CHEMICAL LABORAYORIRS, Recetwed July 18, 1950. 
HOLKAR COLLEGE, INDORE. 
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FRIEDEL AND CRAFTS ACETYLATION OF METHYL 8-RESORCYLATE 
AND RESACETOPHENONE 


By P. L. TRIveDI AND SURESH SETHNA 


Methy] 8-resorcvlate has been acetylated under the conditions of the Friedel and Crafts reaction using 
acetic anhydride and acetyl chloride and the y-isomer, methyl! 2: 4-dihydroxy-3-acetylbenzoate isolated 
for the first time. The structure has been proved by simultaneous hydrolysis and decarboxylation to 
2-acetylresorcinol. The reaction has been studied using different proportions of the acetylating agent 
and ecluminium chloride. 8-Resorcylic acid has also been similarly acetylated. The acetylation of 
resacetophenone using different proportions of acetic anhydride and aluminium chloride has been studied 
and the procedure for the separation of 2: 4-diacetylresorcinol from the 4: 6-diacetylresorcinol described. 
2: 4: 6-Triacetylresorcino! has also been obtained in an excellent yield. 


Desai and Ekhlas (Proc. Ind. Acad. Sci., 1938, 8A, 104) and Desai and Radha 
‘idid., 1940, 128, 46; subjected methyl 8-resorcylate (I) to the action of acetic anhydride 
in presence of anhydrous aiuminium chloride, and obtained only the f-substituted 
compound, methyl 2: 4-dihydroxy-5-acetylbenzoate. No y-isomer was isolated. It is 
now found that in the same reaction a considerable quantity of the hitherto unknown 
y-isomer, methyl 2: 4-dihydroxy-3-acetylbenzoate (II, R=Me) is also formed. ‘This 
has been isolated and its structure established by hydrolysis and decarboxylation to 
the known 2-acetylresorcinol (IJ1), previously prepared by Mauthner (J. prakt. Chem., 
1934, 139, 290) from 2: 6-dimethoxybenzonitrile and methylmagnesium iodide. Limaye 
(Ber., 1934, 67, 12) has developed an elegant general method for the preparation of 
2-acylresorcinols, by the hydrolysis of 7-hydroxy-4-methyl-8-acylcoumarins. Following 
this method Sugasawa (J. Chem. Soc., 1934, 1483) prepared 2-acetylresorcinol by the 
hydrolysis of 7-hydroxy-4-methyl-8-acetylcoumarin. The ester (If, R=Me) could be 
directly converted into 2-acetylresorcinol in very good yield by heating with alkali. 
The ester was hydrolysed to the acid (Il, R=H) by keeping in contact with cold 
alkali. The same acid was obtained by carboxylation of 2-acetylresorcinol with sodium 
bicarbonate in glycerine solution. 


y Pes COMe 
“™N AN 
mt x ee | a eee 
(1) (TI) (III) 


Several experiments were carried out with a view to increasing the yield of 
the y-isomer, and it was found that the proportions of B-and y-isomers varied depending 
on the quantity of acetic anhydride and aluminium chloride used in the reaction : 

(1) With one mole of acetic anhydride and one of aluminium chloride to one of 
methyl 8-resorcylate the yields of both the - and the y-isomers were low, a large quantity 
of methy! 8-resorcylate remaining unreacted. 

5—1777P—3 








246 P. L. TRIVEDI AND 8S. SETHNA 


(2) With two moles of aluminium chloride the 8- and the y-isomers were obtained 
in almost equal proportions. 

(3) With three moles of aluminium chloride, the y-isomer was obtained in almost 
the same yield as in (2) but the 8-isomer was obtained in a very good yield. 

(4) When the reaction was carried out with two mules of acetic anhydride and 
three moles of aluminium chloride, the y-isomer was formed in good yield but a very 
large quantity of the diacetyl derivative, methyl 2: 4-dihydroxy-3: 5-diacetylbenzoate, 
was also formed. Increase in the heating time to six hours or the temperature to 
120°-130° did not lead to any appreciable increase in the yield of the y-isomer 


At the end of the reaction the mixture in all cases was subjected to steam 
distillation. After the nitrobenzene distilled over the y-isomer with a little of the 
B-isomer continued to distil. In experiments (2) and (3), the 8- and the y-isomers 
were separated from the mixture by fractionation with hexane or petroleum ether 
(b.p. 40°-60°). The y-isomer is much more soluble than the 8-isomer. In experiment 
(4) the y-isomer could be obtained pure by a couple of crystallisations from alcohol. 
The diacetyl derivative does not come over with steam. 

2-Acetylresorcinol could be directly obtained from the mixture of the two isomeric 
esters by hydrolysis with hot sodium hydroxide. A mixture of 2-acetylresorcinol and 
2: 4-dihydroxy-5-acetylbenzoic acid was obtained from which the constituents were 
separated by sodium bicarbonate solution. 

Desai and Ekhlas (loc. cit.) have observed that acetyl chloride does not condense 
with methyl @-resorcylate at room temperature. It is now found that acetyl chloride 
condenses with methyl 8-resorcylate when the reaction is carried out on a steam-bath. 
With one mole each of acetyl chloride and aluminium chloride the results 
were identical with those obtained in experiment (2) above, and those with two moles 
of aluminium chloride, identical with the results obtained in experiment (3) above. 

With a view to reducing the number of steps in the synthesis of 2-acetylresorcinol 
the acetylation of 8-resorcylic acid was studied under similar conditions, but the results 
have not been encouraging. un acetylation with one mole of acetic anhydride in 
presence of two moles of aluminium chloride, a mixture of 2-acetylresorcinol, 2: 4- 
dihydroxy-5-acetyl- and probably -3-acetylbenzoic acids was obtained, from 
which 2-acetylresorcinol was obtained in poor yield. With three moles of 
aluminium chloride the 2: 4-dihydroxy-5-acetylbenzoic acid was obtained in good 
yield but 2-acetylresorcinol was obtained in negligible quantity. The 2: 4- 
dihydroxy-3-acetylbenzoic acid could not be obtained pure from the mixture in either 
of the experiments, only the corresponding {-isomer could be isolated in a pure state. 

The formation of the y-isomer in the Friedel and Crafts acetylation of methyl /- 
resorcylate is expected, though not observed so fat, for methyi @-resorcylate gives the 
3-formy] derivative in the Gattermann reaction (Shah and Laiwaila, J. Chem. Soc., 1938, 
1828) and the 5-hydroxycoumarin derivative as the main product in the Pechmann 
reaction with ethyl acetoacetate in presence of aluminium chloride (Sethna, Shah 
and Shah, ibid., 1938, 228). 

Having studied the acetylation of methyl §-resorcylate it was thought of interest 
to study the acetylation of resacetophenone under similar conditions. Desai and 
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Ekhlas (loc. cit.) have carried out the Friedel and Crafts acetylation of resacetoplienone 
and with one mole of resacetophenone, one mole of acetic anhydride and 2.2 moles 
of aluminium chloride they obtained a mixture containing equal parts of 2: 4- and 4: 6- 
diacetylresorcinols (1.5 g. of each from 7.5 g. resacetophenone) which was separated 
into its constituents by fractional crystallisation. The acetylation was carried out in 
the present work with ‘A) one mole of acetic anhydride and two moles of aluminium 





TABLE I 
Substance Acetylating Aluminium +Crude product Pure Pure Residue in the flask with 
agent. chloride. with approx. y-isomer. 8-isomer. approx. melting range. 
melting range. 
Methyl- Acetic 
B-resorcylate anhydride 
1 mol. 1 mol. 1 mol. 0.2 g. -— Methyl 8-resorcylate (4 g.) 
(8.4 g.) (5.1 g.) (6.7 g.) 
rs i 2 mols. 2.4 g. 0.7 g. 0.9 g. Pasty mass ; could not be 
(13.4 g-) \60-g0° crystallised. 
- ‘ 3 mols 4-5 g- 0.8 2.7 1.3 g. (100-110°) gave 0.6 g. 
(20.2 g.) (70-105°) of pure f#-isomer on 
crystallisation. * 
a 2 mols. p 2 g. 1.3 Could not 6g. (100-110°) gave 4 g. of 
(10.2 g.) (75-80°) be isolated pure diacetyl componnd 
on crystallisation, m.p. 
112-13”. 
Acetyl 
chloride 
ne 1 mol. 1 mol. 2.4 g- 0.6 Not isolated Not worked up 
(4 g.) (6.7 g.) (60-g0°) 
- a 2 mols. 4-5 g- 0.7 2.1 g. Do 
(13.4 g.) (70-105°) 
B-Resorcylic Acetic 
acid anhydride 
1 mol. 1 mol. 2 mols. a Could not 0.7 Residue (1.5 g.) ; 0.2 g. of 
(7.8 g.) (5.1 g.-) (13.4 g-) be isolated 2-acetylresorcinol isolat- 
ed. 
™ Ns 3 mols. a Do 4.0 Residue (5.g.) ; 2-acetylre- 
(20.2 g.) sorcinol negligible. 
Resaceto- Acetic 
phenone anhydride 
1 mol. 1 mol. 2. mols. 3.8 g. 2.5 g- Could not 3.2 g.(117-25°) ; crystallisa- 
(7.6 g.) (5.1 g.) (13.4 g.) (75-83°) be isolated tion from benzene gave 
a small quantity of pure 
4 :6-diacetylresorcinol. 
3 mols. 4-7 8: | 2.5 1.1 g. 2g. (160-175°). Repeated 
se . (20.2 g.) (82-g0*-150°) crystallisations from 
benzene did not raise 
the m.p. 
ne 2 mols. ~ 2.6 g. 1.8 Could not 7 g- (134-135°). Pure 2:4: 
(10.2 g.) (75-80°) be isolated 6-triacetylresorcinol ob- 


+ From steam distillation and nitrobenzene ; 
* In one experiment the residue was found to contain considerable amount of acid, formed probably 


asa result of hydrolysis of the ester during steam distillation. 


tained by crystallisation 
from alcohol (6 g., m.p. 
137-38"). 
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chloride; (B) one mole of acetic anhydride and three moles of aluminium chloride, and 
(C} two moles of acetic anhydride and three moles of aluminium chloride. The 
reaction mixture was heated in a steam-bath for four hours. When the reaction mixture 
was subjected to steam distillation the 2: 4-diacetylresorcinol first distilled over with 
a small quantity of 4: 6-diacetylresorcinol. When the former had distilled over 
completely the latter continued to distil slowly. When the solid deposited in 
the condenser no longer melted on stopping the flow of water in the condenser the 
distillation was stopped, as this indicated that almost the whole of the 2: 4-diacetyl- 
resorcinol had distilled over. The 2: 4- and 4: 6-isomers were separated by fractional 
crystallisation from benzene, for whereas the 2: 4-isomer is very soluble in benzene 
(x part in ro parts of benzene at 15°) the 4: 6-isomer is sparingly soluble (1 part in 
125 parts of benzene at 15°) (Baker, ]. Chem. Soc., 1934, 1684). 

In both the experiments, (A) and (B), the 2: 4-diacetylresorcinol is formed in 
good yield. The isomeric 4: 6-diacetylresorcinol is formed in much greater quantity 
in (B) than in (A). In experiment (C), in addition to these two, the 2: 4: 6-triacetyl- 
resorcinol is formed in excellent yield. This does not steam-distil. Limaye 
(Rasayanam, 1943, 1, 246; C. A., 1944, 38, 4258) prepared 2: 4: 6-triacetylresorcinol 
by the acetylation of 4: 6-diacetylresorcinol with acetyl chloride in presence of 
aluminium chloride. 

Baker (loc. cit. ) on Fries migration of 4-O-acety!resacetophenone obtained a mixture 
of 2: 4- and 4: 6-diacetylresorcinols from which he isolated the former by an elaborate 
procedure. 

The work described here affords convenient methods for the preparation of 
2-acetylresorcinol and 2: 4-diacetylresorcinol. 


EXPERIMENTAL 


The results obtained in the present work are shown in Table I. A few typical 
experiments are described in detail to illustrate the experimental procedures followed. 

Acetylation of Methyl B-Resorcyiate : Methyl 2:4-Dihydroxy-3-acetylbenzoate 

(r) Reaction with one mole of Acetic Anhydride and two moies of Aluminium 
Chloride.—Methy] 8-resorcylate (8.4 g.) and acetic anhydride (5.1 g.) were dissolved in 
nitrobenzene (20 c.c.) and anhydrous aluminium chloride (13.4 g.) in nitrobenzene (60 c.c.) 
added gradually with constant shaking. The reaction mixture was heated on a steam- 
bath for 4 hours. The unreacted aluminium chloride was then decomposed with ice-cold 
dilute hydrochloric acid and the nitrobenzene steam distilled. Steam distillation was con- 
tinued further when a solid product was obtained. This was mixed with the product obta- 
ined from the steam-distilled nitrobenzene by extraction with alkali and dried 2.4 g., 
melting range 60°-90°). The dried material was well shaken with hexane (25 c.c.) in cold 
and filtered. The insoluble portion was crystallised from alcohol in stout needles (0.9 g.), 
m.p. 123-24°. This was methyl 2:4-dihydroxy-5.acetylbenzoate. On hydrolysis by 
keeping in contact with 10% sodium hydroxide the corresponding acid was obtained, 
Desai and Ekhlas (loc.cit.) give m.p. 124° and 256° for the ester and the 


m.p. 254-55°- ; 
The product obtained on removal of hexane was crystallised from 


acid respectively. 


alcohol in long wooly needles (0.7 g.), m.p..83-84°. This was methyl 2:4-dihydroxy-3- 
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acetylbenzoate. (Found: C, 57.5; H, 5.1. CioH:0O; requires C, 57.2; H, 4.8 per cent). 

Petroleum ether (b.p. 40°-60°) when substituted for hexane gave identical results. 

The residue in the flask.after steam-distillation was pasty and could not be crystall- 
ised and it was rejected. 

{2) Reaction with one mole of acetic anhydride and three moles of aluminium 
chioride was carried out similarly. 

(3) Reaction with two moles of acetic anhydride and three moles of aluminium 
chloride was carried out as before. In this case the product from steam distillation and 
nitrobenzene (2 g., melting range 75°-S82°) on repeated crystallisations from rectified spirit 
directly gave the y-isomer (1.3 g., m. p. 80-82"j. The residue in the flask (6¢., 
melting range 100°-110°) gave from alcohol tiny needles [4 g.), m.p. 112-13°. This 
was methyl 2:4-dihydroxy-3:5-diacetylbenzoate, for it gave the corresponding — acid, 
m.p. 174-75°, on hydrolysis by keeping in contact with 10% sodium hydroxide for 24 
hours. Desai and Radha (loc.cit.) give m. p. 113° and 175" for the ester and the acid 
respectively. 

{4} Reactions wiih one mole of acetyl chloride and one and two moles of aluminium 
chloride were carried out as in (1) above. 

The 2:4-dinitropnenylhydrazone of methyl] 2:4-dihydroxy-3-acetylbenzoate, prepered 
as usual, was crystallised from glacial acetic acid in tiny yellow needles, m.p. 230-32°. 
(Found : N, 14.5. CisHisOsN, requires N, 14.4 per cent). 

2:4-Dihydroxy-3-acetylbenzoic Acid.—Methy] 2:4- dihydroxy-3-acetylbenzoate (1 g.) 
was dissolved in sodium hydroxide solution (10%, 25 c.c.) and kept for 24 hours. 
On acidification, white amorphous mass separated which was treated with sodium bicar- 
bonate solution to separate the acid from the unhydrolysed and decarboxylated products 
if any. The product obtained on acidification of the sodium bicarbonate solution 
crystallised from glacial acetic acid in tiny needles (0.65 g.), m.p. 195-96° (efferv.). 
(Found : C, 55.0; H, 3.9. CoHsOs requires C, 55.1 ; H, 4.1 per cent). 

The 2:4-dinitrophenylhydrazone of the acid, prepared as usual, was crystallised from 
glacial acetic acid in tiny yellow needles, m.p. 264-66°. (Found: N, 15.1. CisHs,0.N, 
requires N, 14.9 per cent). 

Carboxylation of 2-Acetylresorcinol to 2:4-Dihydroxy-3-acetylbenzoic Acid.*—2- 
Acetylresorcinol (10 g.) was thoroughly mixed with potassium bicarbonate (20 g.) and 
glycerine (40 g.) and heated in an oil-bath in a current of carbou dioxide at 100°-105° 
for six hours when a red viscous solution was obtained. ‘This was diluted with water 
(150 c.c.) and acidified with concentrated hydrochloric acid. The yellow solid obtained 
was filtered, washed with water and treated with sodium bicarbonate solution (10%). 
The portion which dissolved was filtered off from the unchanged 2-acetylresorcinol and 
the filtrate acidified with hydrochloric acid. The product obtained was crystallised 
from glacial acetic acid in tiny needles (3 g.), m.p. 195-96° (efferv.). Mixed m.p. with 
the acid obtained above from hydrolysis of the ester was not depressed. 

Simultaneous Hydrolysis and Decarboxylation of Methyl 2:4-Dihydroxy-3-acetyl- 
benzoate to 2-Acetylresorcinol.—Methyl 2:4-dhydroxy-3-acetylbenzoate (1 g.) Was 


*First carried out by Parekh and Shah in these laboratories (unpublished work). 
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dissloved in sodium hydroxide solution (5%, 20 c.c.) and heated on a steam-bath for 3 
hours. On acidification, a yellow mass separated which was washed with sodium 
bicarbonate solution to remove the intermediate acid. This was found to be negligible. 
The residue was crystallised from dilute alcohol in very tiny yellow crystals (0.5 g.), 
m.p. 155-56°. Mixed m.p. with an authentic specimen of 2-acetylresorcinol was not 
depressed. 

The mixture obtained in (1) above (melting range 60°-g0° ; 1.2 g.) was heated with 
sodium hydroxide (5%, 24 c.c.) ona boiling water-bath for three hours and acidified 
with hydrochloric acid. The product obtained was treated with sodium bicarbonate 
solution. The portion insoluble in it was 2-acetyiresorcinol (0.25 g.), m.p. and mixed 
m.p. 154-55°. The sodium bicarbonate filtrate was acidified with hydrochloric acid ; 
the solid obtained (0.2 g.) gave in.p. 253° (efferv.).. Mixed m.p. with 2: 4-dihydroxy-5- 
acetylbenzoic acid was not depressed. 

Acetylation of B-Resorcylic Acid.—-8-Resorcylic acid was acetylated with one mole 
of acetic anhydride in presence of two moles of aluminium chloride as in (1) above and 
the reaction mixture worked up as before. No product distilled with steam. The 
residue in the flask was filtered and treated with sodium bicarbonate solution. ‘The 
insoluble portion (0.2 g.) was 2-acetylresorcinol as seen from m.p. and mixed m.p. 
The sodium bicarbonate solution was acidified. The product obtained was crystallised 
from rectified spirit in tiny crystals ‘0.7 g.). m.p. 255° (efferv.). Mixed m.p. with 2:4- 
dihydroxy-5-acetylbenzoic acid obtained above was not depressed. The mother-liquor 
on evaporation gave a product melting with considerable range and did not give any pure 
product on further crystallisation or fractionation with alcohol or benzene. 

When the experiment was carried out with 3 moles of aluminium chloride the 2- 
acetylresorcinol was obtained in negligible quantity but the 2:4-dihydroxy-5-acetyl- 
benzoic was obtaied in good yield (4 g.). From the mother-liquor no other pure product 
could be isola ted. 


Acetylation of Resacetophenone 


(A). Reaction with One mole of Acetic Anhydride and Two moles of Aluminium 
Chloride.—Resacetophenone (7.5 g.) and acetic anhydride (5.1 g.) were dissolved in 
nitrobenzene (20 c.c.) and a solution of aluminium chloride {13.4 g.) in nitrobenzene 
(60 c.c.) added gradually with shaking. ‘The reaction was vigorous and considerable 
heat was evolved. The reaction mixture was heated on a steam-bath for 4 hours. On 
cooling, the reaction mixture was treated with cold dilute hydrochloric acid and steam 
distilled. After the nitrobenzene had steam-distilled the steam-distillation was continued 
further. This was stopped when the product solidifying in the condenser did not melt 
even when the flow of water in the condenser was stopped. The product which had 
steam-distilled was collected and mixed with the product obtained from nitrobenzene 
by extraction with dilute alkali. (Total yield 3.8g., m. range, 75°-83°). This on 
repeated crystallisations from alcohol gave a product (2.5 g., m.p. 85-87°). This was 
2:4-diacetylresorcinol. [Desai and Ekblas ‘loc.cit.) give m.p. 85-86° ; Desai and Radha 
(loc. cit.) give m.p. 95-96° ; Baker ‘loc. cit.) gives m.p. 85-87°]. The residue (3.2 g.) 
in the flask which was dark brown in colour and slightly pasty, on crystallisation from 
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rectified spirit gave an impure product of m. range 117°-125°. On crystallisation from 
benzene a small quantity of 4:6-diacetylresorcinol, m.p. 182° was obtained. Desai and 
Ekhias (loc. cit.) givem.p. 185° and Baker (J. Chem. Soc., 1934, 71) gives m.p. 182° 
for 4:6-diacetylresorcinol. 

If the 2:4-diacetylresorcinol is contaminated with considerable quantity of 4:6-diace- 
tylresorcinol and cannot be purified by crystallisation, the method of fractionation with 
benzene as given below in (B) may be followed. 

(B). In the reaction with one mole of acetic anhydride and three moles of aluminium 
chloride the product obtained on steam-distillation on crystallisation from alcohol did 
not give the pure 2:4-diacetylresorcinol ; so it was subjected to fractionation with benzene. 
The whole of the product (4.7 g.) was dissolved in about 30 c.c. of hot benzene and cool- 
ed. The stout needles which separated had m. range, 168°-175°. This on recrystallisation 
from alcohol gave the pure 4:6-diacetylresorcinol (1.1 g.), m.p. 182°. The product 
obtained on evaporation of benzene was crystallised from aicohol when the pure 2: 4- 
diacetylresorcinol was obtained as long wooly needles (2.5 g.), m.p. 85-87°. The dark 
brown residue remaining in the flask after steam distillation (2 g., m. range 160°-175°) 
could not be purified by crystallisation or fractionation with benzene. 

(C). In the reaction with two moles of acetic anhydride and three moles of alumi- 
nium chloride the product from steam distillation (2.6 g., m. range 75-80°) did not give 
a pure product on crystallisation from rectified spirit and was therefore shaken with cold 
petroleum ether (30 c.c., b.p. 40°-60°). The portion which did not dissolve melted with 
a range. The product obtained on removal of petroleum ether gave m.p. 83-85°, 
yield 1.8 g. 

The brownish residue in the flask (7 g., m.p. 134-35°) was crystallised from alcohol 
when long pinkish needles (6 g.), m.p. 137-38° were obtained. Its mixed 
m.p. with resacetophenone was lowered by over 20°. It was obtained unchanged 
after keeping overnight with 10% sodium hydroxide. (Found: C, 60.7; H, 5.0. Cale. 
for C,.H,,0,;: C, 61-0; H, 5.1 percent). It was therefore 2: 4: 6-triacetylresorcinol. 
Limaye (loc, cit.) gives m.p. 136°. The 2:4- dinitrophenylhydrazone, prepared as usual, 
was crystallised from acetic acid in tiny needles, m.p. 262-63° .Found: N, 13.8. 
C,sHig0,N, requires N, 13-4 per cent). There was no appreciable change in the yields 
of the products when the acetylations were carried out at 120°-125°. 

Further work on the Friedel and Crafts acylation of methyl §-resorcylate is in 
progress. 

The authors’ grateful thanks are due to Dr. R.C. Shah for his kind interest in 
this work. 
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INFLUENCE OF CHEMICAL CONSTITUTION ON THE ADSORPTION 
OF DYESTUFFS BY THE INSOLUBLE PART OF THE 
HEAT-DEHYDRATED GUM ARABIC 


J. S, BeEHRANA AND C. S. NARWANI 


Gum arabic becomes partly insoluble in water when heated to 165°-170° and the insoluble part 
c.nld adsorb only basic dyes irreversibly, exchanging Ca ions for basic dye ions; Freundlich’s 
isotherm is followed in case of malachite green on!y. Congo red though being an acid dye is 
adsorbed from very low concentrations. Presence of sodium chloride in the dyeing bath prevents the 


adsorption of basic dyes. 


Gum arabic is classified under acid polysaccharides; it is mainly a mixture 
of calcium and potassium salts of a very complex acid, called arabic acid 
(Cg9H 142074), associated with galactan and araban. Amy (Bull. soc. chim. Biol., 
1928, 10, 1079) observed that gum arabic when heated to 100° acquired reducing pro- 
perties which were originally absent. The same author has also noted (Ann. chim., 
1934, ii, 2, 287) that arabic acid when dehydrated is converted into insoluble acid, 
called metagummic acid, of about the same acid strength as arabic acid. This acid 
swells in water, is non-sticky and dissolves in dilute alkalies. 

The present authors observed that gum arabic became partly insoluble when heated 
to 165°-170° in a dry state. 

Freundiich and Poser (Koll.-Chem. Beih., 1944, 6, 2)7) observed that the chemical 
constitution of a dyestuff affected its adsorption by alumina. 

The object of our present work was to study the influence of the constitution of 
dyestuffs on their adsorption by the insoluble part of dehydrated gum arabic, constituting 
mainly calcium arabate. 

In the present work the adsorption of dyestuffs of different classes by the insoluble 
gum arabic has been studied colorimetrically. Aqueous solutions of acid and basic 
dyes of different classes, varying in concentration from 0.06 to 0.3% were taken ; 
pu values and equivalent conductivities of all these solutions at various concentrations 
were determined to ascertain the relative degree of ionisation. 


EXPERIMENTAL 


The gum arabic (B. P.), pulverised, manufactured by the Alembic Co., Baroda, 
free from dirt and other impurities, with specific properties {[2]3'= —24.62, moisture = 
11.47%, ash value = 2.887%} was dehydrated completely by heating to 165°*170° in a 
porcelain dish, immersed in a linseed oil bath. ‘The dehydrated gum was kept soaked 
in a large quantity of distilled water for 24 hours in a Winchester bottle and shaken 
from time to time ; the washings were repeated till the filtrate gave no precipitate 
with absolute alcohol; insoluble gum settled down, whereas the soluble part was 
removed by syphoning off. The insoluble mucilage of the gum was then heated to 
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dryness over a water-bath, powdered and sieved through a piece of muslin. The same 
piece of muslin was used in the subsequent preparations of the insoluble gum to main- 
tain uniformity of size of the particles. 

The following dyestuffs (I. C. I.) were selected for the study of adsorption and 
their purity was tested by standard methods :— 

Azo dyes: Bismark brown (basic), Congo red (acid), chlorozol, sky-blue (acid), 

chlorozol pink (acid). 

Triphenaylmethane dyes: Malachite green, oxalate (basic), crystal violet (basic), 

methyl violet (basic), Lissamine green ‘acid), aniline blue (acid). 

Azine dyes: Safranine T. S. (basic). 

Thiazine dyes: Methylene blue, zinc chloride double salt ‘basic), delphine blue 

acid). 

Oxazine dyes : Nile-blue, sulphate (basic). 

Nitroso dyes : Naphthol green (acid). 

To start with a stock solution of 0.3% dyestuff was prepared and the subsequent 
concentrations were obtained by the dilution of the stock solution. With all the dyes six 
concentrations viz., 0.3%, 0.24%, 0-18%, 0.15%, 0.12% and 0.06% solutions were used, 
and these strengths were converted into g. mole per litre for the purpose of comparing 
the adsorption of the various dyes worked out. ‘The molecular weight and hydrogen 
equivalents of the dyes were taken from H. J. Conn. (‘ Biological Stains’, Third ed., 
1942). After preparing the various dilutions, their px values and equivalent conductivities 
were found out. 

To study the adsorption of the dyes, about 1 gram of the insoluble gum arabic 
was taken in a weighing bottle and heated in an air-oven to about 120° to drive off 
the moisture, stoppered and accurately weighed ; the gum was transferred to 8o c.c. 
of. the dye solution taken in a glass-stuppered pyrex glass bottle and the weighing bottle 
with lid was weighed again. ‘The bottle containing exactly 80 c.c. of the dye solution 
and accurately weighed amount of the insoluble gun were kept in a water thermostat 
at 37°, and shaken from time to time. Exactly after 24 hours the dye solution was 
taken out from the thermostat, centrifuged to remove the suspended particles of the 
insoluble gum, and its strength was then found out by means of the Duboscq colori- 
meter. For each estimation a number of scale-settings, usually five, were taken, and 
before putting the dye solution the instrument was carefully adjusted for equality of 
illumination on the two sides. 

TABLE I 


Adsorption of various basic dyes. 
The same initial conc. (0.003231 g. mols. per litrej, calculated from the colori- 
metric values of B/D of the respective dyes, as in the adsorption tables (not given here). 


Dyestuff. M.W. Adsorption (x/m). Adsorption. 
Bismatk brownr 461.186 0.002104 g. mol. /lit.; 65.12% 
Malachite.green (oxalate) 928.480 0.001002 31.01 

’ Crystal violet 407.721 0.002230 69.02 
Methy! violet 393-705 0.002094 64.80 
Safranine T 364.654 0.002123 65.70 
Methylene blue 793-380 0.001752 54.23 
Nile blue 732-432 0.002036 63.02 


4—1777P—5 
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TABLE II 


The values of ‘a’ and ‘1/n’ (Freundlich’s constants) of differen! dyestuffs (Fig. 2). 


Dyestuff. Class. M.W. wf. ‘1/n’. 
Bismark brown Azo 461.126 1.841 £.900 
Malachite green Triphenylmethane 928.480 2.661 0.4596 
Crystal violet e 407.721 2.089 1.014 

| Methy!] violet -” 393-705 1.778 1.000 
Safranine T Azine 364.654 1.778 1.000 
Methylene biue Thiazine 793-380 1.135 1.013 
Nile blue Oxazine 732.432 1.641 1.000 


Influence of an Electrolyte on the Adsorption of Dyestuffs by Insoluble Gum Arabic 


From the results of adsorption experiments it appears that basic colours from 
aqueous solution are tremendously adsorbed by the insoluble gum arabic. It became 
interesting to see if the presence of an electrolyte had any influence on their adsorption. 

For this purpose 0.2N solution of sodium chloride was prepared, and 0.3%, 0.24% 
and 0.18% solutions of malachite green were prepared with this solution. To 80 c.c. 
of these dye solutions weighed amount of the insoluble gum was added and adsorption 
was measured as usual. ‘The results of the experiment showed that there was no adsorp- 
tion of the dye at all in presence of NaCl. 

The reason for this was supposed to be the preferential adsorption of sodium ions 
(from the sodium chloride) to the cations of the dye. Hence, base-exchange between 
Na* ions and Ca** ions ‘from the insoluble gum) seemed likely ; and to be certain the 
following experiment was performed. 

The dried insoluble gum ‘1.069 g.) was added to 80 c.c. of 0.2N-NaCl solution and 
left in a water thermostat at 37° for 24 hours; calcium was then estimated in the 
solution. The results of the experiment showed that 0.0137 g. of Ca** was exchanged 
by Na* ions. 

DISCUSSION 


It is observed from the results in general that only the basic dyes are adsorbed by 
the insoluble gum arabic, and that acid dyes with the exception of Congo red in dilute 
solutions, are not adsorbed at all. Damle, Forster and Kudva (J. Indian Chem. Soc., 
Ind. & News Ed., 10943, 6, 30) obtained similar results when working with Green 
earth of Indian origin as a base-exchange body. 


In presence of sodium chloride a basic dye does not get adsorbed at all ; this has 
been found to be due to the preferential adsorption of the Na* to the cations of the dye. 

Adsorption of all the basic dyes by the insoluble gum arabic was irreversible as the 
adsorbed dye could not be removed by washing with water repeatedly, 
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Fig. 1 It is observed from Table I 
that positive adsorption takes 


place in case of all the basic 
dyes. Hydration of the bone- 
dried gum is quite likely, but 
if hydration is considerable the 
decrease in free solvent would 
give an increase in the con- 
centration ; inother words the 
apparent adsorption would be 
negative. Since this is not 
the case and always a decrease 
in concentration of the dye 
solution occurs, hydration 
seems to be very low due to 
the large size of the adsorbed 
cation as shown by Jenny 
(Kol.-Chem, Beih., 1927, 28. 
428) in case of permutities. 
There is only a slight differ- 
ence in the adsorption of 
methyl violet, Bismark brown, 
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x/m=adsorption (in g. mol./lit x 3x 104). 
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nile blue and safranine. This may be due to a slight difference in hydration as ex- 
pected from the slight difference in the size of their basic radicals. ‘The same table also 
shows that methylene blue (zinc chloride double salt) is comparatively less adsorbed 
and it is believed to be due to adsorption of zinc ions along with the basic ions of the 
dye. 

Malachite green is least adsorbed and this may be due to partial dissociation of the 
dye at the dilutions used, as seen from the equivalent conductivity, making available 
only few cations for the base- exchange. 


It is observed that Congo red though being an acid dye is adsorbed by the in- 
soluble gum arabic. The dye is adsorbed only from the very dilute solution (68% 
adsorbed from o.0017M solutions) ; and at higher concentrations there is no adsorb- 
tion at all. No other acid dye is adsorbed in this way ; they are not adsorbed even 
at lowest concentration ; and the reason for such a behaviour of the dye is still not 
understood. 

Fig. 1 shows that adsorption, x/m, when plotted against final concentration C’, gives 
straight lines in case of all the dyes excepting in case of malachite green which gives 
a parabolic curve ; it being an oxalate is slighty dissociated and hence gets adsorbed 
like a weak electrolyte. 

Fig. 2 shows that in the case of malachite green log x/m, when plotted against log 
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Fig. 2 


Log x/m 

















0.1 0.3 0.5 0.7 0.9 1.1 13 15 
Log C’. 
CV—Crystal violet ; B-Bismark brown ; MV—Methy] violet ; S—Safranine ; 
NB—Nile blue ; MB—Methylene blue and MG—Malachite green 


C', gives a straight line with slope 1/n=0.4596, meaning thereby that the usual Freund- 
lich’s adsorption isotherm x/m = ac!!" is obeyed. 

The value of the adsorption exponent 1/n, as seen from Table LI, is nearly 1.0 for 
all chloride dyes (i.e. Freundlich’s equation is not obeyed), but differs in case of 
malachite green which is an oxaiate. The values of the intercept on ordinate ‘a’ 
(adsorption constant) fromm the same table do not show any general relation betweem 
adsorption and the chemical constitution or molecular weights of the dyes but, taking 
the dyes of the same class ‘triphenylmethane}, namely malachite green, crystal violet 
and methyl violet, the value of ‘a’ increases with molecular weight. 


CHEMISTRY DEPARTMENT, 
Jat Hino COLLEGE, Received October 31,1950. 
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ANALYTICAL CHEMISTRY OF ZIRCONIUM. PART I. 
BENZILIC ACID 


M. VENKATARAMANIAH AND Bu. S. V. RAGHAVA RAO 


Pare zirconyl chloride was obtained from zircon by a combination of the procedures given by 
Rossitter and Sanders and Hillebrand and Lundell. It is shown that benzilic acid precipitates zirconium 
from solutions up to 0.225N in HCl. Separation from most divalent and trivalent elements occurs in 
a Single precipitation with the reagent in o.2oN HCl. In other cases (except tin and titanium) a second 
precipitation yields a pure zirconium compound. The precipitate of zirconium benzilate has the approxi- 


mate composition, O= argon , 4H,0 and is a basic salt. 
B 


Oesper and Klingenberg (Anal. Chem., 1949, 21, 1509) in a study of the use of 
glycollic acid derivatives in the determination of zirconium totally rejected benzilic 
acid on account of its “‘insolubility in water’’. Further, their results with the soluble 
sodium salt point to incompiete precipitation. However, the large weighting effect 
that the acid exhibits is a great advantage, especially in the determination of small 
quantities of the metal. (mn this account a more detailed investigation appeared very 
desirable. Although its solubility in cold is low, benzilic acid dissolves to an appre- 
ciable extent in hot water and the hot solution holds enongh acid to precipitate zirconium 
completely. Further, under suitabie conditions the zirconium benzilate precipitate is curdy 
and filters quickly through Whatman No. 41 filter. ‘Thus, it offers a distinct advantage 
over many other reagents for zirconium. 


EXPERIMENTAL 


On the addition of a hot solution of benzilic acid to zirconium chloride or nitrate, 
there results first a turbidity ; a few minutes’ boiling produces a fine crystalline 
precipitate, which further boiling transforms into a curdy mass, not unlike silver chloride 
in appearance. This settles rapidly and washes quickly. 

Zirconium Oxychloride.—Selected zircon (Travancore, 50 g.) was decomposed by 
fusion with 50 g. of sodium hydroxide (Rossiter and Sanders; cf. Mellor, “Comprehensive 
Treatise on Inorganic and Theoretical Chemistry’’, Vol. VII, Longmans Green & Co., Ltd., 
London, 1927, p. 103). The fused mass was poured into 1.5 litres of water and 
filtered. The residue of sodium zirconate was dissolved in the minimum quantity of 
hydrochloric acid and evaporated to dryness on a water-bath. The dry residue was 
extracted with hot water and filtered. ‘Titanium was removed by precipitating with 
diammonium hydrogen »hosphate in sulphuric acid solution in the presence of hydrogen 
peroxide (Hillebrand and Lundell, ‘“‘Applied Inorganic Analysis’’, John Wiley & Sons, 
New York, 1929, p. 446). The phosphate precipitate was washed by decantation 
several times with hydrogen peroxide, acidified with sulphuric acid. The titanium-free 
phosphate was ignited and fused with fusion mixture. The cooled melt was extracted 
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with water and washed free of phosphate with 10% sodium carbonate solution. The 
residue was again ignited and fused with soduim pyrosulphate. The melt was dissolved 
in dilute sulphuric acid and filtered from any undecomposed residue. Zirconium 
hydroxide was precipitated from the filtrate with ammonia, filtered and washed with hot 
2% ammonium nitrate solution. The hydroxide was ignited and fusion with carbonate 
and pyrosuiphate was repeated to remove the last traces of phosphate. The hydroxide 
was next precipitated, dissolved in hydrochloric acid and evaporated to dryness. The 
residue was powdered, and shaken up several times with ether to remove any iron 
remaining. The residue was again dissolved in dilute hydrochloric acid, and concen- 
trated to crystallisation of the oxychloride. A second crystallisation yielded a product 
completely free from titanium and iron. A stock solution was prepared by dissolving 
about 30 g. of oxychloride in approximately 2.5 litres of 0.10 N-HCI. 

Standardisation.—The ZrO, content of the soiuton was determined by precipitation 
with ‘r) mandelic acid (Kumins, Anal. Chem., 10947, 19, 376) and (2) tannic acid 
‘Schoeller, Analyst, 1944, 69, 259) ; 20 ml. of the solution gave ZrO,=0.0865 g. and 
0.0867 g. respectively. Mean 20 ml. =0.0866 g. 

Benzilic acid was prepared from benzoin according to the procedure given by Ballard 
and Dehn (Gilman, ‘“‘Organic Synthesis’’, Collective Vol. I, John Wiley & Sons, 
N. Y., 1932, p. 82) and purified by two crystallisations from a boiling solution. The 
final product gave m. p. 149-50°- Other reagents were of the B. D. H. Analar quality. 

Procedure.—The zirconium solution (ZrO, content about 0.075 g.) was acidified with 
the requisite volume of 2 N-HCI to give a final acidity of 0.2 N in 200 ml. and the mixture 
diluted to10o ml. This was then boiled and to the boiling solution was added in 
a slow stream and with constant stirring a boiling solution of 1% benzilic acid (100 ml.). 
Boiling was continued for 10 minutes with stirring, at the end of which the zirconium 
precipitate collected as a curdy mass at the bottom leaving a clear supernatant liquid. 
It was then set aside for about 20 minutes, filtered through a 11 cm. Whatman No. 41 
filter, washed with hot 0.2% solution of the reagant ino.2N-HCl, ignited and wieghed 
as ZrO,. Table I gives the results obtained. 


TABLE I 
No. ZrO, taken. ZrO, obtained. Diff. Remarks. 
I 0.0866 g. 0.0866 g. —_ 
2 0.0649 0.0648 0.1 mg. 
3 0.0433 0.0434 +0.1 
4 0.0216 0.0214 —0.2 
5 0.0108 0.0108 — 
6 0.0021 0.0021 — Vol. of the soln 
25 ml. and of the 
, 0.0011 0,0010 o.1 reagent 25 ml. 
8 0.0005 0.0005 —_* 


* Vol. of the soln. 10 ml. and of the reagent 15 ml 
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By suitably adjusting the total volume of the solution and the amount of the 
reagent it is thus possible to estimate as little as 0.5 mg. of ZrO, correctly, Again, 
the precipitate produced is so voluminious that smaller quantities, about 0,05 mg., can 
be easily detected. 

Separation from other Elements 

Besides zirconium, a number of associated and common elements, i. e., thorium, 
titanium’, tin", iron", uranium, manganese, cerite earths, aluminium, cobalt, zinc, 
copper and cadmium give similar precipitates with the reagent in neutral solution. 
However, in the presence of acid (HCl, o.1N and above) most of these elements do 
not precipitate. Separation from these elements may therefore be accomplished by 
suitably controlling the acid concentration in the solution. For this purpose, the 
solubility of zirconium benzilate in hydrochloric acid was investigated by estimating 
the amount of zirconium precipitated from solutions of different acid concentrations. 
The results are shown in Table II. 


TABLE II 
ZrO, taken = 0.0433 g. 
No. Overall conc. ZrO, weighed. Diff. No. Overall conc. ZrO» weighed. _ Diff. 
of HCl. of HCI. 
I 0.05 N 0.0433 g- —_ 5 0.20 N 0.0432 g. —0.I mg. 
2 0.10 0.0432 —0o.1 mg. 6 0.20 0.0434 +0.1 
3 0.15 0.0433 7 7 0.225 0.0431 —0.2 
4 0.175 0.0434 +0.1 & 0.25 0.0429 —0.4 
9 0.30 0.0406 —2.7 


The precipitation of zirconium is incomplete in solutions of 0.225 N in HCl and 
above ; and a suitable acid concentration for separation from other elements is 0.20N. 
Impurities were added in the form of nitrates or chlorides but their quantities have 
been calculated to the oxides. 

In a few cases, thorium etc., a second precipitation was resorted to. For this 
purpose, the first precipitate was dissolved in a measured volume of hot 1:1 HCl, 
4N ammonia was added to neutralise the excess acid and precipitation was repeated as 
previously described. Table III shows the results obtained. 


TABLE III 


ZrO, taken=0.0433 g. Overall concentration of HCl=o.20 N. 


No. Impurity Amount. Wt. of ZrO, Diff. No Impurity Amount. Wt. of ZrO, Diff. 
added. obtained. added. obtained. 
I BeO 0.2165 g. 0.0433 g. = 12 Al,¢ )3 0.4210 g. 0.0431 g. —0.2 mg. 
2 MnO o 1894 0.0432 —O.I mg. 13 FeO, o 1088 0 0435 +0 2 ** 
3 ZnO 0.2431 0.0431 —0.2 14 ‘a “ 0.0432 a. —O.1 
4 NiO 0.2055 0.0433 _ 15 - = 0.¢433b. — 
5 CoO ©.1790 0.0433 — 16 Cr203 0.1086 0 0436 +0.3 ** 
6 CuO 0.1860 0.0433 - 17 - si 0.0433 a. — 
7 CaO 0.2548 0.0435 +0.2 18 ThO, 0.0686 0.0442 +0.9 
8 SrO 0.1799 0.0431 —0.2 59 a na 0.0433 a. — 
9 BaO 0.2050 0.0433 — 20 VyO4 0.1055 0.0436 +03 ** 
To 0303 © 1022 0.0421 —0.2 aI = 9 0.0432 a. —O.I 
11 *R,0; 0.4300 0.0433 — 


* Cerite earths from monazite (exact composition not determined) 

** ZrOz residue is slightly coloured 

a. Double precipitation : ’ 

b, Single precipitation but in the presence of 4 g. of ammonium thiocyanate. 
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Observations on the Separations 


1. The divalent elements together with aluminium, the cerite earths and uranium 
are removed in one precipitation. 

2. While chromium and vanadium do not ordinarily give a precipitate with the 
reagent in neutral solutions, small amounts accompany zirconium even in 0.2 N HCI. 
A second precipitation, however, removes them completely. 

3. Iron and thorium do not precipitate individually in acid solution but accompany 
zirconium in small quantities which may be completely removed by a second precipita- 
tion. Inthe presence of excess ammonium sulphocyanide iron is held in solution 
and pure ZrO, free from traces of iron results even in the first precipitation. 

4. Tin and titanium are precipitated along with zirconium under ali conditions 
and their removal is not possible with thi reagent. 


Composition of Zirconium Benzilate 
The precipitate was finally washed with hot water and dried in an air-oven at 110° 
for several hours, i.e., until its wieght was constant. Weighed quantities of the dried 
precipitate were ignited to the oxide and the compusition of the precipitate was surmised 
from the benzilate: oxide ratio in two different samples. The general composition 


corresponds to the formula O=Zr aa) 4H.O ; where B represents the benzilic acid 


radical. It is thus a basic salt with a slightly varying composition and direct weighing 
of the precipitate is ruled out. 


DEPARTMENT OF CHEMISTRY, 
ANDHRA UNIVERSITY, 
WALTAIR. 
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ANALYTICAL CHEMISTRY OF THORIUM. PART VII. SEPARATION 
FROM CERITE EARTHS. USE OF ANISIC ACID 


By K. V. S. KRISHNAMURTY AND BH. S. V. RAGHAVA Rao 


Anisic acid precipitates from neutral or slightly acidic solutions and in the presence of ammonium 
chloride, normal thorium anisate. The presence of a number of elements like Be, Ca, Co, Ni, Mn, Pb, 
Cu, Aland rare earths causes no interference. The precipitate on washing may be ignited and weighed 
as oxide. Thorium in monazite may be estimated in this way. 


In our previous communications on the subject the use of a number of organic 
acids as reagents for the separation of thorium from the rare earths of monazite was 
aescribed (this Journal, 1950, 27, 457, 4590, 569, 610, 638). Smith and James (J. Amer. 
Chem. Soc., 1912, 34, 281) in their early work on thorium referred to anisic acid as a 
qualitative reagent and rejected it without further investigation. A closer examination 
not only revealed its valuc as a reagent for thorium but also presented several 
advantages over many other reagents we so far investigated. The rare earths of monazite 
are removed in a single precipitation and a number of common metals causes 
no interference. 


EXPERIMENTAL 


Anisic acid precipitates thorium completely ia neutral or slightly acid solutions, 
but the precipitate is slimy and difficult to filter. In the presence of ammonium chloride 
and from boiling solutions the precipitate is, however, curdy, settles soon, filters and 
washes quickly. The following procedure gives the best results and any variation results 
only in unsatisfactory precipitation. Ifthe concentration of anisic acid is lower or if 
the solutions are first mixed cold and then heated io boiling, the resulting precipiiate 
assumes more of a slimy character. 


Procedure.—The thorium solution is neutralised or made just acid to Congo red ; 
1o to 15 g. of ammonium chloride are next added, the solution is diluted to 200 ml. 
and boiled. ‘To the boiling solution is added a boiling solution of about 0.75% anisic 
acid (100 ml. for every 0.1 g. of ThO, present). The boiling is continued for 2 minutes 
longer and the iiquid is set aside to settie on a warm water-bath. In about 15 minutes the 
precipitate which has now an appearance not unlike silver chloride, setties to the bottom 
and the supernatant liquid is crystal clear. It is filtered through a Whatman No. qt 
filter and after washing 3 to 4 times by decantation in the beaker with a liquid containing 
75 mg. of the reagent and 2 g. of ammonium chloride in 100 ml., the precipitate is 
transferred to the filter and then wased completely with the same liquid. The partially 
dried filter is ignited and the residue is weighed as ThO, A standard solution of thorium 
nitrate wasestimated in this way with the results shown in Table | 


5—1777P—5 
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TABLE I 
= taken (g.) 0.0680 0.0682 0.0682 0.0682 0.1364 0.1364 
i) 
a found (g.) 0.0680 0.0682 0.0678 0.0682 0.1360 0.1362 


Anisic acid is but sapringly soluble in the cold ; consequeutly during the settting 


of the precipitate varying quantities of the reagent often crystallise out in the form of 


long transparent needles. These needles dissolve during washing by decantation and 


cause noiurther interference. 


Properties of Thorium Anisate.—A sample of the precipitate after preliminary washing 
as indicated above was finally washed with distilled water and dried to a constant weight 
at 105°. Ignition tests on three different sampies gave residues corresponding to the 
formula Th (CH;O. C.H,COO), which suggested a possibility of direct weighing of the 
compound. But in actual determinations, the thorium values were always low. For 
the direct weighing of the precipitate, it was necessary to wash the precipitate finally 
with distilled water and in this process some thorium was found to be lost. ‘T'he loss 
was not due to the solubility of the precipitate in water, as was proved by the following 
experiment. 


A quantity of the precipitate was shaken up for several hours with distilled 
water; 250 ml. of the supernatant liquid were carefully syphoned off and concentrated 
to 25 ml. on a water-bath. ‘The concentrate failed to show ary coloration with alizarin-S 
reagent, which would detect the presence of v.or mg. per ml. or the solubility of the 
precipitate if any was less than 1.0 mg. per litre. On the other hand, it was found that 
loss of thorium mostly arose from the wet precipitate turning colloidal on the filter 
during washing without ammonium chloride. Thus, in spite of the anisate being a 
definite normal compound, unlike the precipitates of many other organic acids, direct 


weighing is precluded. 


Thorium anisate is soluble in all acids, alcohol and ether. From the solution in 
tartaric acid and alkali tartrates thorium cannot be precipitated by such common reageuts 
as NH,OH, KOH and even oxalic acid. Like other thorium salts, the anisate is decom 
posed by strong sodium carbonate, and forms a clear solution in excess of the reagent. 


Separation from Cerite Earths 


The cerite earth solution consisted of monazite extract froin which all the thorium 
and other elements were carefully removed. Traces of yttrium earths present were 
left in solution. Varying quantities of this solution were mixed with the standard 
thorium solution to give different ThO, . R,O, ratios. Values of R,O, noted are weights 
obtained on the ignition of the cerite earth oxalate precipitate. ‘The results are shown 
in Table II, 
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TABLE II 


Wt of ThO, taken=0.0682 g. 


R gO; added. Wt. of ThO, Error. 
obtained. 

0.2420 g. 0.0684 g. + 0.0002 g. 
0.2420 0.0682 
0.4840 0.0682 ese 
0.4840 0.0681 —0.0C01 
0 9680 0.0685* + 0.0003 
0.9680 0.0688* + 0.00066 


* Slightly coloured. 


On a few occasions when the ThO,: R,‘); ratio was about 1:15 and over, the 
residue was slightly coloured due necessarily to incomplete removal of the rare earths. 
The amount of the rare earth carried down was, however, small and did not add to the 
weight of the thorium residue significantly. Ail the same, the coloration pointed to 
definite contamination. In such cases a second precipitation proved very satisfactory. 


Estimation of Thorium in Monazité 


An acid extract of monazite, free from phosphate and other interfering clements, 
was obtained as described in an earlier communication ‘this Journal, 1950, 27, 458). The 
extract was made just acid to Congo red with ammonia and the thorium was determined 
with anisic acid proceeding as for an estimation. ‘Ihe following results were obtained. 
For comparison values obtained by a double precipitation with m-nitroberzoic acid 
(Neish, Chem. News, 1904, 90, 196) are included. 


TABLE III 


Weight of thoria obtained with 
Vol. of monazite 


solution taken. m-Nitrobenzoic acid Anisic acid. 
10 ml. Double pptn Single pptn. 
10 0.0598 g. 0.0599 8: 
- 0.0598 0.0595 
10 0.0597 0.0602* 
10 0.0598 0.0600 


*Slightly coloured. 
Separation from other Elements 


(a) The acid gives no precipitate either in the cold or while hot with most divalent 
elements like Mg, Mn, Co, Ni, Ca, Sr, Ba, Cd and Be. Cu has been reported (Borrella, 
Gazzetta, 1895, 25, 304, 305) to give a green basic anisate soluble in ammoniaand acetic acid. 
We have noticed only slight greenish opalescence in neutral or slightly alkaline solutions 
and no interference in the precipitation of thorium. Pb gives a white crystailine 
precipitate in slightly alkaline solutions but causes no interference under conditions of 


precipitation of thorium. 
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(b} Aluminium and chromium do not interfere but iron (ferric) gives a yellowish 


brown opalescence and precipitates in small quantities along with thorium. 


(c) Zirconium, ceric cerium, vanadium and titanium interfere, the last mostly on 
account of its hydrolysis at low pu values necessary for the complete precipitation of 
thorium. Uranyl compounds do not interfere even in fairly high concentrations. 
fact is under further investigation. The results obtained for the separation of thorium 


from other elements are shown in Table IV. 


TABLE IV 


Weight of ThO, taken = 0.0682¢ 


This 


No. Oxide added. Wt. of the oxide Wt. of ThO, Error 
added obtained 

I BeO 0.2165 g. 0.0681 g —9.0001 g 
0.4330 Oo 0690 + 0.00% 8 
0.4330 0.068 2* 

2 CaO 0.4100 0.0685 +0.9003 

3 CoO 0.3500 0.0690 +0 0008 
0.3500 0.0684" +0.0002 

4 NiO 0.357 0 0685 + 0.0003 
0.3570 0.0082" 

e > 

5 MnO 0.3210 0.0687 +0.0005 
0.3210 0.0683” +0.0001 

6 PbO 0.2200 0.0681 —0.0001 
0.2200 0.0682 

7 CuO 0.4210 0 o€89 +0.C007 
0.4210 0.c683* +0.0001 

8 Al,03 O 4222 0.0690 +0 0008 
0.4222 v.0684* + 0.0002 

9 U;0, o 1278 0.0683 +0.0001 
0.1278 0.c682 
0.2556 0.0086¢ +0 0004 
0.2556 0.068 2* 
0.5110 0.0691 ¢ +¢.0009 
0.5110 0.0684* +0.0002 

*Double precipitation. c. residue coloured 
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INTERACTION OF HYDROXYACETOPHENONES AND THEIR DERIVATIVES 
WITH THIONYL CHLORIDE IN PRESENCE OF FINELY DIVIDED COPPER. 
PART il. PREPARATION OF 3: 3’-DIACETYL-4:6:4' : 6’-TETRAHY- 
DROXYDIPHENYL THIOETHER AND ITS DERIVATIVES 
FROM RESACETOPHENONE 


By G. V. JADHAV AND J. R. MERCHANT 


The thioether of resacetophenone and its derivatives such as phenylhydrazone, oxime, semicarbazone, 
methoxy, ethoxy, acetoxy and benzoyloxy are described and also its bromination, chlorination and 
nitration products. 


It was observed by Hirwe, Jadhav and Chakradeo’ (J. Amer. Chem. Soc., 
1935, 57, 101) that methyi salicylate gave bis-(3-carbomethoxy-4-hydroxypheny])- 
thioether when it was treated with thionyl chioride in presence of copper. The same 
authors (J. Univ. Bom., 1933, 2, Part Ii, 128) obtained similar thioether from methyl] 
4-methoxysalicylate and from methyl 3-methylsalicylate and methyl! 4-methylsalicylate 
{this Journal, 1934, 10, 551). Present work is the cxtension of that reaction to 
aromatic hydroxy-ketones. 

The reaction was carried outin presence of dry chloroform, when a thioether 
was obtained. Its constitution was determined by the action of nitric acid on it in 
cold acetic acid medium, when 5-nitroresacetophenore was formed which showed that 
the two nuclei were linked together through sulphur atom in 5-position (i. e. para to OH 
group and meta to CO.Me group). 

Bromination in acetic acid medium at room temperature gave a dibromo compound 
containing sulphur. These bromine atoms must have taken the position ortho 
toOH group and meta to both CO.Me group and sulphur atom, because it gave 
3-bromo-5-nitroresacetophenone when it was treated with nitric acid in acetic acid 
medium. Excess of bromine solution gave 3: 5-dibromoresacetophenone which further 
confirmed the constitution of the thioether and its dibromo derivative. 

With sulphuryl chloride it gave dichlororesacetophenone which was given the 
constitution 3: 5-dichlororesacetophenone by analogy with the bromination product. 
This clarified the constitution of ww-dichlororesacetophenone described by Segalle 
(Monatsh, 1896, 17, 315) as it showed no lowering in melting point when mixed with 
this product. 

Various charateristic derivatives of the thioether were prepared 


ExPERIMENTAL 


3:3 -Diacetyl-4:6:4':6'-tetrahydroxydiphenyl-thioether \I).—Resacetophenone (12 g.) 
was suspended in dry chloroform (20 c.c.), the mixture was surrounded with 
ice and thionyl chloride (20 g.) was gradually added. Copper powder (8 g.) was 
slowly added to the mixture at low temperature and the reaction was allowed to proce 
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overnight at room temperature. Next day more chloroform (10 c. c.) was added and 
heated under reflux on a water-bath at 60° for 5 minutes. The solution was filtered 
and the filtrate gave a sticky mass on removal of the solvent. ‘The residue was washed 
with dry chloroform, dried and then extracted with dilute sodium hydroxide solution 
(3%). The alkaline extract was acidified with dilute hydrochloric acid, when pinkish 
solid was obtained . It crystallised fro 1 acetic acid in pinkish plates, m. p. 209-10°, 
yield 3g. (Found: S, 10.0. C,.H,,O¢S requires S, 9.6 per cent} 

Its phenylhydrazone crystallised from acetic acid, m. p. 242-43°. (Found: N, 11.2. 
C.3sH..0O.4N,S requires N, 10.9 per cent). 


Its oxime crystallised from dilute alcohol in white needles, m. p. 228-29°. (Found : 
N, 7.6. C,¢H,,O,N.5 requires N, 7.7 per cent). 


/ 
Its semicarbazone melts at 285° (decomp.). (Found: N, 18.3. CisH.2.O NeS 
requires N, 18.7 per cent). 

3:3'-Diacetyl-4:6:4':6'-tetramethoxydiphenyl-thioether.—Methyiation was carried 
out with dimethyl sulphate by heating the mixture on a boiling water-bath for 1 
hour. It crystallised from alcohol, m.p. 196-97°. (Found: S$, 8.4. CyoH..0,5 requires 
S, 8.2 ver cent). 

3: 3'-Diacetyi-4: 6: 4’: 0'-telraethoxydiphenyi-thioether.—Ethylation was carri 
ed out with ethyl iodide in presence of anhydrous potassium carbonate in dry acetone 
medium by boiling the mixture for 24 hours. After removal of the solvent 
potassium carbonate was removed by water and unchanged thiother by dilute sodium 


hydroxide solution. It crystallised from alcohol, m.p. 152-53°. (Found: §, 7.6. 
CosH,.U.S requires S, 7.2 per cent). 
3:3'-Diacetyl-4:6:4':6'-tetraacetoxydiphenyl-thioether.—Acety lation was carried 


out by boiling the thioether for 3 hours with acetic anhydride in presence of pyridine. 
It crystallised from alcohol, m.p. 146-47 . Found: 3, 6.5. CosH220.S requires 
S, 6.4 per cent). 

3:3'-Diacetyl-4:4'-dihydroxy-6:6'-dibenzoyloxydiphenyl-thioether was prepared by 
heating the mixture of the thioether, beuzoy! chloride and pyridine on a boiling 
water-bath for 4 hours. It crystallised from acetic acid in pinkish plates, m.p. 228-29°. 
(Found : S, 6.3. Cs.H220.5 requires S, 5.9 per cent). 

It showed no depression in melting point when mixed with the thioether obtained 
from 2: 2/-dihydroxy-4 : 4/-dibenzoyloxyresacetophenone. 

3:3'-Diacetyl-4:6:4':6'-tetrahydroxy-5:5'-dibromodiphenyl-thioether.—The thioether 
(I, 1 g.) was dissolved in 3-4 c.c. of boiling acetic acid and 15% solution of bromine 
in acetic acid (8S c.c.) was slowly added to it when the solution was at 60° 
and then it was shaken for 1 hour and then left over. After about 6 hours the 
crystalline solid separating was filtered and recrystallised from acetic acid in brown 
plates, m.p. 232-33°. (Found : Br, 32.2. CjgH,2O,Br.5 requires Br, 32.5 per cent). 

3: §-Dibromoresacetophenone.—The thioether ‘I, 0.5 g.) was dissolved in 2 c.c. 


of boiling acetic acid and 15% solution of bromine in acetic acid (15 c.c.) was added 


when the solution was at 50°. The mixture was left overnight at room temperature and 
then diluted with water and the product finally crystallised from alcohol in p inkish 
needles, m.p. 173-74°. ‘Found : Br, 51.5. C,H.«O;Br, requires Br, 51.6 per cent). 
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The same substance was also obtained from 3: 3°-diacetyl-4 :6 :4’: 6’-tetra- 
hydroxy-5 : 5'-dibromodiphenyl-thioether by bromination with more bromine solution. 
Dahse (Ber., 1908, 41, 1621) gave m.p. 173-74°. 

5-Nitroresacetophenone.—-To the thioether (I, 1 g.) concentrated nitric acid 
‘d 1.42) was very slowly added. ‘The reaction mixture was left at room temperature 
for about 3 hours and then poured over crushed ice, when a solid was obtained. It 
was finally crystallised from alcohol, m.p. 142°. ‘Found: N, 7.5. CsH,;O,N requires 
N, 7.1 per cent). Baker (J. Chem. Soc., 1934, 1691) gave m.p. 142°. 

The same substance is obtained if the reaction is carried out in presence of glacial 
acetic acid at room temperature. 

3:5-Dinitroresacetophenone.—The thioether ‘I, 1 g.} was dissolved in acetic acid 
{5 c.c.! and nitric acid ‘conc., 10 c.c.; was added to it. After about an hour the 
reaction mixture was heated on a _ boiling water-bath for about 40 minutes and worked 
up as before. Yellow crystals were obtained from alcohol, m.p. 166-67°. (Found : 
N, 11.8. CsH,O;N, requires N, 11.6 per cent). Roger Adams ‘J. Amer. Chem. Soc., 
1919, 41, 265) gave m.p. 166-67° 

3-Bromo-§5-nitroresacetophenone.—3:3'- Diacety]-4:6:4':6'-tetrahydroxy-5:5’ -dibromo- 
diphenyl-thioether was treated with concentrated nitric acid in presence of acctic acid 
and the reaction mixture was left overnight at room temperature. It was worked 
up as before. It crystallised from acetic acid in yellow plates, m.p. 182-83°. (Found : 
N, 5.4. CsH«O;NBr requires N, 5.1 per cent}. 

3:5-Dichiororesacetophenone.— The thioether ‘I, 1 g.) was dissolved in dry ether, 
sulphuryl chloride ‘2 c¢.c.) added and then a crystal of bismuth chloride was added as 
a catalyst. ‘The reaction mixture was left at room temperature for two days. After 
removal of the ether brownish needles were obtained. It crystailised from benzene 
in white needles, m.p. 195-06°. (Found: Cl, 31.7. CsH,O,Cl, requires Cl, 32.1 
per cent). 

This gave no lowering in melting point of the substance decribed as ww-dichloro- 
resacetophenone by Segalle (loc. cit.). 

Semicarbazone crystallised from alcohol in brownish plates, m.p. above 285° 
(Found : N, 15.4. CoH,UO;N,Cl, requires N, 15.17 per cent). 


ORGANIC CHEMISTRY DEPARTMENT, 
THe Institute OF ScrENce, Bompay, Received November 17, 1950, 
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QUINOLINE DERIVATIVES. PART XVI 
By T. N. GHosH AND AMITABHA RAy CHAUDHURI 


Synthesis of thiazylaminoquinoline derivatives containing tertiary basic groups in the 3-position 
is described. 


Part XV (Ghosh, this Journal, 1950, 27, 676) describes the preparation of 6-(thiazyl-2’-) 
amino-4-piperidino-2-methylquinoline, which has been synthesised with the object of 
finding whether such a type of compound possesses any antispasmodic activity. In 
view of the recent observations that antispasmodics are, in general, salts of tertiary bases, 
it has been considered desirable to extend the range of such compounds and to incor- 
porate basic groups into 6-(thiazyl-2’-) amino-4-hydroxy-2-methylquinoline. 

According to the present knowledge of the Mannich reaction (Blicke, ““Organic 
Reactions’, Vol. I, 1942 ; Burckhalter et ai., J. Amer. Chem. Soc., 1948, 10, 1363 ; 
Burckhalter, ibid., 1950, 72 1308), the condensation of substituted phenols with for- 
maldehyde and secondary amines gives rise to corresponding o-cresel derivatives. In 
studying the Mannich reaction with 3-hydroxy-6-methylpyridine derivatives, Stempel 
and Buzzi (ibid., 1949, 71, 2969) have shown that the basic group enters the 2-position. 
Price and Jackson (ibid., 1946, 68, 1282) have similarly observed that the Mannich 
reaction with 4-hydroxy-2-methylquinoline involves incorporation of the basic group 
in the 3-position. 

It has now been found that 6-(thiazyl-a’-)amino-4-hydroxy-2-methylquinoline, 
described in part XV (Ghosh, loc. cit ), condenses with formaldehyde anda secondary 
amine. In view of the above findings, the basic group has undoubtedly entered the 
3-position to yield the compound (1, R=piperidino or diethylamino group.) With phos- 
phorus oxychloride the compound (I) furnishes the corresponding 4-chloro derivative (II). 


() 
HC . om ~ 
HC C—NH—/\“\—CH:-R Ac—NH—(/ \,“\—CH,—R 
\y7 | | | us | m 
 gilieaidee i le 
N N 
1) 11) 


The compound (I) has also been obtained in the following manner : 6-Acetylamino- 
4-hydroxy-2-methylquinoline (Kermack and Weatherhead, J. Chem. Soc., 1939, 563; 
Jacini, Gazzetta, 1941, T1, 53) has now been condex. <d with formaldehyde and a secon- 
dary amine to give the compound (III), in which the basic group has likewise entered 
the 3-position. On hydrolysis, the corresponding 6-amino derivative (IV) has been 
obtained, dihydrochloride of which, when reacted with potassium thiocyanate, has 

















QUINOLINE DERIVATIVES ‘ 269 


yielded the thiocyanate (cf. McCrosky et al., J. Amer. Chem. Soc., 1942, 64, 722; Hurd 
and Wehrmeister, ibid., 1950, 72, 1407) of the corresponding 6-thiocarbamido derivative 
(V). The interaction of (V) with a«f-dichlorodiethy] ether has furnished the 


compound (I). 
ExPERIMENTAL 


6-(Thiazyi-2'-) amino-4-hydroxy*3-piperidinomethyl-2-methylquinoline (I, R= 
piperidino).—To 6-(thiazyl-2'-) amino-4-hydroxy-2-methylquinoline (7.1 g.}, suspended 
in aqueous alcohol (90%, 150 c.c.), hydroChloric acid (10%) was added drop by drop 
under shaking till the clear solution obtained was just acid to Congored. After adding 
piperidine (5 g.) and formaldehyde (40% w/v; 4.2 c.c.), the solution was heated under 
reflux on the water-bath for 15 hours. After distilling off the alcohol under reduced 
pressure, the residue was dissolved in dilute hydrochloric acid and a brown solid was 
obtained on basification with cold dilute alk@li. It was purified by acid-alkali 
treatment. It is readily soluble in acetic acid and is not precipitated on dilution with 
water, indicating the formation of a salt. It ig pracitically insoluble in other organic 
solvents except in pyridine, in which it is readily soluble even in the cold and could not 
be crystallised from pyridine. It was therefore washed with hot acetone, hot alcohol 
and finally with ether, when it was obtained as a brownish solid (6.5 g.) decomposing at 
302-304°. (Found: N, 15.34. C,o9H2,0N,S requires N, 15.82 per cent). 

Whereas 6-(thiazyl-2’-) amino-4-hydroxy-2-methylquinoline is soluble in cold 
dilute alkali, the above compound (1, R=piperidino) is insoluble in cold dilute alkali, 
even on long standing. 

6-(Thiazyl-2'-)amino-4-chloro-3-piperidinomethyl-2-methylquinoline (II, R=piperi- 
dino).—The above compound (I, R=piperidino ; 10g.) was gradually added to phos- 
phorus oxychloride (50 c.c.), when a thick solution was obtained with rise in temperature. 
The solution was heated under reflux in an oil-Dath at 125°-130° for 4 hours. Next day, 
excess of phosphorus oxychloride was distilled off under reduced pressure and the residue, 
after being cooled in ice, was treated with cold water, when a dark, clear solution was 
obtained. On basification with alkali, a brown solid was obtained, which was insoluble 
in most of the organic solvents. It was, however, soluble in nitrobenzene and was 
obtained, from nitrobenzene-acetone mixture, as a brownish granular solid (6.2 g.) which 
turned dark on heating and did not melt even at 300°. ‘Found: N, 14.58. C,,.H,,N,SCl 
requires N, 15.03 per cent). 

6-(Thiazyl-2'-) amino-4-hydroxy-3-diethylaminomethyl-2-meihylquinoline (1, R= 
diethylamino) was similarly prepared as in the case of the previous compound (I, R= 
piperidino). It was insoluble in most of the organic solvents and was obtained as a brow- 
nish granular solid after being washed with hot acetone, hot alcohol and ether. It does 
not melt even at 300°. (Found : N, 16.03. C,;sH,.ON,S requires N, 16.37 per cent). 

6-Acetylamino-4-hydroxy-3-diethylaminomethyl-2-methylquinoline (IIT).—A mix- 
ture of 6-acetylamino-4-hydroxy-2-methylquinoline ‘10 g.), diethylamine ‘7.3 g.) and 
formaldehyde (40% w/v; 7.5 c.c.) in alcohol (225 c.c.) was heated under reflux on the 
water-bath for about 4 hours, when gradually a clear solution was obtained, which was 


6—1777P—5 











970 T. N. GHOSH AND A. RAY CHAUDHURI 


further heated for 7 hours more. On standing overnight in a cold room, a crystalline 
solid. {5.5 g.) was obtained, which was recrystallised from alcohol in colorless, shining 
rectangular plates. It shrinks and turns yellowish at 190-91° and becomes a viscous 
mass at 258-60°. ‘Found : N, 14.26. C,,H.;0.N; requires N, 13.95 per cent). 


Whereas 6-acetylamino-4-hydroxy-2-methylquinoline is practically insoluble in 
cold dilute hydrochloric acid, the above compound (III) is readily soluble. 

6-Amino-4-hydroxy-3-diethylaminomethyl-2-methylquinoline (IV) was _ obtained 
by heating for 4 hours under reflux on the water-bath a solution of (III, 12.5 g-.) in 
hydrochloric acid (20%, 1ooc.c.), evaporating the solution to dryness and basifying the 
aqueous solution of the residue with ammonium hydroxide. It is sparingly soluble in 
alcohol, acetone and other organic solvents. It was crystallised from alcohol as an 
organge crystalline powder, which did not meit even at 300°. (Found: N, 16.54. 
C,sH,,ON; requires N, 16.21 per cent). It contains a diazotisable amino group. 

Thiocyanate of 6-Thiocarbamido-4-hydroxy-3-diethyiaminomethyl-2-methylquino- 
line (V).—To an aqueous solution of the dihydrochloride (10 g.} of (IV}, a concentrated 
aqueous solution of potassium thiocyanate ‘7 g.) was added, when a precipitate was 
immediately obtained, which went into solution on heating on the water-bath. The 
solution was further heated, when gradually a pasty mass was obtained which soon 
solidified. The solid was baked on the water-bath for 30 minutes, allowed to cool, 
triturated with cold water, filtered and thoroughly washed with cold water. It was twice 
crystallised from hot water as a fine yellow crystalline powder ‘5.5 g.) melting at 204- 
205° (decomp.). It was dried at 105°-110° in vacuo. (Found: N, 18.96 ; S, 16.43. 
C,,H2,0ON.S. HCNS requires N, 18.56 ; S, 16.97 per cent). 

Its aqueous solution gives a deep red coloration with ferric chloride, 
which is not discharged by addition of hydrochloric acid but is destroyed by aqueous mer- 
curic chloride. An aicoholic solution of the compound decomposes sodium bicarbonate 
with evolution of carbon dioxide. 

When a hydrochloric acid solution of the above thiocyanate was basified with sodium 


bicarbonate, the free base was obtained as a white pasty mass which, however, could 


not be induced to crystallise. 

Conversion of (V)} into 6(Thiazyl-2'-)amino-4-hydroxy-3-diethylaminomethyl-2- 
methylquinoline (I, R=diethylamino).—To a hot aqueous solution of the above compound 
(V, 7.5 g) %*8-dichloro-diethyl ether (3.5 g.; was gradually added under shaking and 
the reaction mixture heated under reflux on the water-bath for 1 hour. On cooling, the 
solution was diluted with water, washed with ether and basified under cooling. with 
ammosium hydroxide, when a brownish solid was obtained.. After purification, as 
described previously, the compound was confirmed to be identical with (I, R= diethyl- 
amino) by a study of its properties and by analysis. 

The authors thank Dr. U. P, Basu for his interest in this investigation. 
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are shown in Table [. 





Ksters 1st day. 
n-Buty1 propionate 12.5 
S€L.- ” 20.3 
tert.c_. 5s 31-0 
n-Butyl butyrate 11.2 
SeC.- a 21.1 


tert.- oe 31.2 





By C. 


Synthesis of some aliphatic 


The chemicals used were : 
1. n-Butyl alcohol, b.p. 118° ; 

sec.- Butyl alcohol, b.p. 99.5° ; 
tert.- Butyl alcohol, b.p. 82.9° ; 
n- Amyl alcohol, b.p. 130° ; 
sec.- Amyl alcohol, b-p. 118.5°; 
tert.- Amyl alcohol, b.p. 102°; 
Propionic acid, b.p. 141°; 
8. Butyric acid, b.p. 163° ; 
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EXPERIMENT 


TABLE | 
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AL 


BY RICINUS LIPASE FROM CASTOR SEED 


d 0.809 g./c.c. 


d 0.808 
d 0.779 
d 0.814 
d 0.810 
d 0.809 
d 0.992 
d 0.958 


Percentage synthesis on the 


2nd day. 


156 
27-5 
37-2 


13:3 
25.2 
367 


3rd day. 


4th day. 


26.2 
38.9 
50.1 


20.5 
35-2 
47-6 


5th day. 


28.4 
42.5 
55.6 


nR 


4. 
9. 
2. 
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STUDIES ON LIPASE FROM OIL SEEDS. PART X. SYNTHESIS OF 


esters by ricinus lipase from castor seed have been carried out in order 
to study the effect of the nature of the alcoholic group on the enzymic synthesis of esters. 


Ramakrishnan and Nevgi (this Journal, 1950, 27, 261) studied in detail the enzymic 
synthesis of different propionates and butyrates and found that the maximum percentage 
synthesis increased from methyl] to amy] ester. 

The synthesis of the following esters was carried out using acetone-dried lipase in 
ether solvent in order to study the effect of the nature of the acloholic group (the struc- 
ture of the aloohol) on the synthesis of n-, sec.- and tert.- butyl and amy] esters of 
propionic and butyric acids by lipase. 


In each flask, equimolecular quantities (0.054 g./ mol.) of alcohol and acid, 1 g. of lipase 
in 10 ¢.c. of ether solvent and a few drops of toluene were taken and incubated at 37°. 
different intervals of time, 1 c.c. of it was taken, 25 c.c. of neutral alcohol added, warmed 
and titrated against N/10 sodium hydroxide. 
From the difference in readings, the percentage synthesis was calculated. ‘The results 


Always a blank accompanied the sample. 


6th day. 


29.2 
41.4 
57:8 
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TABLE I (contd.) 


Percentage synthesis on the 


Esters. 1st day. and day. 3rd day. 4th day. sth day 6th day. 
n-Amy! propionate 45.1 55-7 71.2 77.2 76.8 _ 
$e€C.- ie 53-1 65.6 81.3 79.8 _- ~~ 
tert.- - 58.3 70.5 74.8 83.8 -- — 
n-Amyl butyrate 30.8 55-0 64.9 69.3 78.1 -- 
S€C.- oe 42.3 64.8 79.2 81.7 84.5 _ 
tert.- os 52.3 72.4 76.3 84.6 83.8 -- 


From the table it is found that in case of butyl as well as amyl esters of propionic 
and butyric acids, the percentage of synthesis increases in the order : normal, secondary 
and tertiary alcoholic ester. ‘There is a marked difference among primary, secondary 
and tertiary esters in which the structures of the alcohols are different which will help 
us to differentiate between primary, secondary and tertiary esters. It can also be seen 
in each case that the percentage synthesis depends only on the nature of the alcohol 
and not on the number of carbon atoms in the acid, as the percentage synthesis only 
changes with the nature of the alcohol, and the number of carbon atoms in the alcohol 
remains almost the same with the change in the number of carbon atoms in the acid. 


DEPARTMENT OF BIOCHEMISTRY, 
INDIAN INSTITUTE OF SCIENCE, Received November 7, 1950 
BANGALORE-3 


STUDIES ON LIPASE FROM OIL SEEDS. PART XI. EFFECT OF 
H-ION CONCENTRATION AND THE NATURE OF THE 
BUFFER ON THE SYNTHESIS OF AMYL, BUTYRATE 

BY RICINUS LIPASE FROM CASTOR SEED 


By C. V. RAMAKRISHNAN AND G. V. NEVGI 


Synthesis of amyl butyrate by ricinus lipase has been carried out using different buffer solutions of 
varying pu in order to study the effect of H-ion concentration and the nature of the buffer on the enzymic 
synthesis of esters. 


Ramakrishnan and Nevgi (this Journal, 1950, 27, 261) studied in detail the 
synthesis of different aliphatic esters belonging to a homologous series using acetone- 
dried lipase from castor seed and ether asa solvent and the maximum percentage 
synthesis of 78.1% was observed in case of n-amyl] butyrate on the fifth day. 
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The effect of H-ion concentration and the nature of the buffer on the enzymic 
synthesis of n-amyl butyrate have been studied in the present investigation using 
different buffer solutions of varying pu. 


EXPERIMENTAL 


The acetone-dried sample of the lipase was prepared from fresh, well ripened castor 
seeds by Ramakrishnan and Nevgi’s method (J. Univ. Bombay, 1950, ‘‘ Science Issue’’) 
and used for the experiment. Disodium phosphate-citric acid buffer mixtures of different 
bu were prepared according to Mcllavaine’s method (J. Biol. Chem., 1921, 49, 183) 
and sodium acetate-HCl and sodium acetate-acetic acid buffer mixtures of different px 
according to Walpoles method (J. Chem. Soc., 1914, 108, 2501, 2521). 


The synthesis of amyl butyrate by acetone-dried lipase was carried out at different py 
using different buffer mixtures. 

Each set of experiments consisted of n-amy] alcohol (0.054. g. mol.) [(CH,), CH,OH, 
d 0.814 g./c.c. M.W. 88.15; b.p.=130°], butyric acid (0.054 g. mol.) [CH,CH,CH.- 
COOH; d 0.958 g./c.c. M.W. 88; b.p=163°], lipase {x g.), ether solvent (ro c.c.) and 
5 c.c- of buffer of varying fu value and a few drops of toluene taken in a conical flask. 
The flask was corked and shaken well and incubated at 37°. Always a blank accom- 
panied each sample. Necessary precautions were taken to note readings under sterile 
conditions. At different intervals of time, 1 c.c. portion from each flask was taken, 25 c.c. 
of neutral alcohol added, warmed for some time and titrated against N/10 sodium 
hydroxide. From the difference in readings between the sample and the blank, the 
percentage synthesis was calculated. The results are given in the following tables. 


TABLE | 
Optimum pu using disodium phosphate-citric acid buffer. 


Percentage synthesis on the 


pH ist day. Fond day. 3rd day. 4th day. sth day. 6th day 
2-4 15.7 22.9 27.8 37.8 52.3 47.8 
2.8 18.6 27.8 31.9 42.9 57-8 50.9 
3.1 22.1 30.6 38.2 50.1 62.1 57.8 
4.8 25-6 35-2 40.1 58.6 7 62.1 
5.2 30.8 40.5 45.8 62.4 80.2 69.5 
5-5 27.8 37-9 42.8 53.8 69.6 52.1 
5-7 25-3 32.8 39.6 48.6 59-0 48:7 


35-6 39-5 48.2 42.5 





29.6 
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TABLE IT 
Optimum py using sodium acetate-hydrochloric acid buffer. 


Percentage synthesis on the 


pu. st day and day. 3rd day. 4th day. sth day. 6th day. 
1.5 7-5 13.8 18.9 22.1 29-5 27.6 
2.9 8.9 15.2 22.1 28.5 32.8 30.1 
3.8 10.1 17.5 25.6 30.7 37.5 35-6 
43 12.3 21.3 29 8 34-9 41.9 39.8 
4.8 15-3 25.2 32-5 38.6 45.2 44.3 
5-2 20.5 30.1 38.2 45-9 58.6 55:5 
5-5 18.2 25-6 30.0 40.8 51.6 53-3 
5:7 15.2 23.4 25.6 35-8 45-9 42-3 
6.0 12.8 20.6 21.8 31.9 36.8 33.9 


TasLe III 


Optimum pu using sodium acetate-acetic acid buffer. 


Percentage synthesis on the 


pH. 1st day. 2nd day. 3rd day. 4th day. 5th day. 6th day. 
3.8 7.6 8.2 11.9 17-5 24.8 21.6 
4.1 8.0 9.5 13.8 18.9 27. § 23.4 
4.8 9-5 II.1 15.2 21.8 29,8 25.6 
4:9 10.1 12.8 18.1 25.3 3206 30.1 
5.5 10.8 15.2 20.9 30.2 41.3 38.4 
5-7 92 14.1 19.5 25.2 35.6 32.8 
5-9 8.5 12.9 17.2 22.8 32.3 30.9 
6.0 7-9 98 15.6 19.1 29°6 27-5 


DIiSsScUSSION 


From the above tables, it is found that the optimum px for enzymic synthesis of 
amyl] butyrate is 5.2 in case of disodium phosphate-citric acid and sodium acetate-hydro- 
chloric acid buffer and 5.5 in case of sodium acetate-acetic acid buffer. It can be seen 
that the optimum p for the synthesis of ester by ricinus lipase slightly varies (5.2 to 5.5) 
with the nature of the buffer used. But at the same time, the maximum percentage 
synthesis reached is the greatest in case of disodium phosphate-citric acid buffer and the 
least in sodium acetate-acetic acid buffer. Generally in all cases, the percentage synthesis 
reaches the maximum on the sth day. 

Thus, it is inferred that the enzymic synthesis of ester depends upon the H-ion 
concentration, the nature of the buffer used and the time of reaction. 

Further work is under progress to study the effect of the buffer concentration and 
enzyme concentration on the synthesis of esters by lipase. 


DEPARTMENT OF BIOCHEMISTRY, 
Iyp1an InstiTUTE OF SCIBNCE, Received November 7, 1950. 
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APPLICATION OF MIXURE LAW TO RHEOCHOR. PART V. 
TERNARY MIXTURES 


By M. V. Susnis AND W: V. BHaGwat 


Application of mixture law to rheochor in binary system of solid-liquid and in ternary svstem 
has been investigated. 


In a series of papers (this Journal, 1944, 21, 30; 1946, 28, 349; 1048, 25, 166, 575; 
1949, 26, 533; 1950, 27, 316) we have studied the application of mixture law to rheochor 
in case of binary liquid-liquid mixtures. This work is being extended. In the mean 
while the applicability of the law for a binary system of solid-liquid and for a ternary 
system is being investigated, the preliminary work of which is recorded in this paper. 
Our investigations will be classified into two main groups of solids-electrolytes and non- 
electrolytes and each will be studied in associated and non-associated liquids, and in 
mixtures containing both the associated and non-associated liquids. 

In case of liquid. mixtures mixing in all proportions, the whole range of molar con- 
centration can be investigated, but in case of solids, the solubility limits the concentration. 
In general, the solubilities are not high and hence the molar concentrations are 
low. ‘This introduces a greater errur when the rheochor (R;) is calculated from the 
mixture law 

Rm = (1-x) +x Rx. 


For a ternary mixture, if R, is the observed rheochor, x-y and 1-x-y are the molar 
fractions of the two solutes and the solvent, and Rx, Ry and R are the respective rheo- 


chors, then 
Rm = (1-x-y) R+x Ryt+y Ry. 


This expression has been used in studying the application of mixture law to ternary 
mixtures. Similarly, 


Rm = Mn (10* x n)*/D 


where 4 is the viscosity of the nrixture, D, its density, Mm, its mean molecular weight, 


glven by the expression, , 
Mn = (1-x-y) M + xM, + ¥ My 


where M, M, and My are the molecular weights of the solvent and solutes. 
TABLE I 
Binary mixtures: Solid-liquid system. 


Urea in water. 


x. D. "x 108, Mn. Rn. Rx 
0.0486 1.040 8.72 20.02 25.54 60.9 
0.0994 1.076 9.91 22.18 27.46 63.77 


10.87 


276 


0.0438 


0.0791 
0.1282 


0.0260 
0.0441 


0 0258 
0.0479 
0.0858 
0.1174 


© 0979 
0.0391 
0.0599 
0.1593 


0.0494 
0.0343 
0.0286 


0.0910 
0.0729 
0.0862 
0.324 


0.0255 
0.0549 
0.0428 
0.0119 


0.0468 
0.0862 


0.0983 


1.009 
1.016 
1.023 


1 099 
1.158 
1.200 


Acetamide in water 


7X 103. 


10.15 
11 78 
14.16 


Mm. 


19.8 
21.25 
23.27 


Chloral hydrate and water. 


D~ 


1.035 
1.048 
1.070 
1.087 


12.76 
16.31 
18.41 


TABLE II 


7 x 103. 


12.88 
12.29 


14.17 
12.82 


21.84 
24.50 
26.87 


Ternary mixtures, 


Mn. 


Urea (x), acetamide (y) and water. 


22.81 
23-00 
25.14 
24.27 
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Acetamide (x), chloral hydrate (y) and water. 


Chloral hydrate (x), acetylurea (y) and H,O. 


1.100 
1.181 


1.147 
1.070 


1.193 
1.171 
1.162 


16.75 
18.95 
18.02 
18.55 


25-79 
27.71 
26.77 
26.29 


27.27 
26.68 
26.34 


Rm Rx, 
26.2 86 
28.47 86.98 
31.67 87.50 
27.32 172.2 
29.99 171.6 
32.22 169.9 
Rm. Rx 
30.31 0.69 
30.15 67.17 
32-74 67.00 
30.45 65-45 
33-34 85.96 
33-89 83.45 
33-52 85.90 
35.28 86 62 
Average Rx= 85.7 
32.63 171-3 
32.20 177.0 
31.81 178.2 


The results with ternary mixtures indicate that the values of Rx observed are more 
The work is being extended as the 
preliminary results are promising and the results wili be discussed on completion of the 


or less the same as obtained from binary mixtures. 


investigation. 
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SIDE-CHAIN BROMINATION OF SOME AROMATIC COMPOUNDS 
WITH N-BROMOSUCCINIMIDE 


By G. S. Misra AnD J. S. SHUKLA 


The side-chain bromination of a number of aromatic compounds with N-bromosuccinim ide using 
benzoyl peroxide as a catalyst has been described. 


N-Bremosuccinimide is now widely used as a specific reagent for the introduction 
of a bromine atom in olefins at the allyl or *-methylene position without the simultane- 
ous addition to the double bond ‘Ziegler et al., Annalen, 1942, 561, 80; Djerassi, 
Chem. Rev., 1948, 48, 271). A homolytic mechanism has been proposed for the 
reaction. 


(C,H,O,)NBr  —> (C,H,O,)N- +. Br- 
-CH,-C=C— + (C,H,U,)N) —> -CH-C=C— + (C,H,O,)NH 
-CH-C=C— + Br> —> -CHBr-C=C~— 
-CH-C=C— + (C,H.O.NBr —> -CHBr-C=C— + (C,H,O,)N- 


Small quantities of the peroxide favour the formation of radicals and therefore 
inerease the yield and velocity of bromination with N-bromosuccinimide. Through 
the introduction of this method, many compounds, which were formerly difficult to 
prepare, have now become easily accessible. It is known that while no ‘side-chain’ bromi 
nation of toluene occurs when this compound is treated with N-bromosuccinimide under 
the original conditions used by Ziegler ‘cf. Buu- Hoi, Annalen, 1944, $56, 1), the intro- 
duction of a small quantity of benzoyl peroxide as a catalyst results in the formation of 
benzyl bromide in good yield (Schmid and Karrer, Helv. Chim. Acta, 1946, 29, 573). 
In the presence of electronegative groups, two instances have been reported earlier 
(Buu-Hoi, loc. cit. Djerassi, loc. cit.) where ‘side-chain’ bromination occurs even in 
the absence of a catalyst. 

The side-chain bromination of a number of aromatic co:apounds with N-bromo- 
succinimide, in the presence of benzoyl peroxide asa catayst, has now been studied. 
It has been found that the use of the catalyst facilitates the introduction of bromine 
_ in the side-chain, increases the yield of the product and the reaction time is reduced 
appreciably. Also it has been found that the use of an excess of the compound to be 
brominated leads to better overall yields, as would be observed from the appended 
table. 

Thus, while Buu-Hoi ‘Joc. cit.) observed that p-nitrobenzyl bromide was formed 
from p-nitrotoluene in 50% yield, with the introduction of peroxide this compound 
was formed in a yield of 77.5% and the reaction time was reduced to two hours. 
Similar results have been obtained with the side-chain bromination of o-chlorotoluene. 
This method also results in the formatian of o-, m- and »-methylbenzyl bromides from 
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the corresponding toluenes in good yields. o-Nitrobenzyl bromide could not be 
prepared in this way, as decomposition occurred during distillation of the product, 
formed from the reaction with N-bromosuccinimide. 

All the substituted benzyl bromides formed have been identified by the preparation 
of the S-alkyl-isothiourea picrates according to the directions of Levy and Campbell 
(J. Chem. Soc., 1939, 1442). 


ExPERIMENTAL* 


N-Bromosuccinimide was prepared in 75% yield by the bromination of an 
alkaline solution of succinimide using the method of Ziegler et al. (loc. cit.). After 
crystallisation from hot water, it melted at 172.5° (slow) or 177.5° ‘rapid). 

Bromination of p-Xylene.—A mixture of p-xylene (10.6 g.}, N-bromosuccinimide 
(8.9 g.), benzoyl peroxide (0.25 g.) and dry carbon tetrachloride (50c.c.) was boiled 
under reflux in a three-necked flask, fitted with a mechanical stirrer. After the 
reaction had subsided, more benzoyl peroxide (0.25 g.) was added and heating continued 
under stirring. The reaction was over in about an hour as no more bromine 
was noticed to evolve. At the end of two hours, the mixture was cooled and allowed 
to stand overnight and the precipitated succinimide was filtered off. After removal 
of the carbon tetrachloride, the residual liquid was fractionally distilled under reduced 
pressure. -Methylbenzyl bromide (6.5 g., 69.9%) was collected at 106°/1amm. 

Preparation of S-alkyl-isothiourea Picrate-—Finely powdered thiourea (1g.), 
p-methylbenzyl bromide (x g.) and ethyl alcohol (10 c.c.) were reduxed for one hour. 
Picric acid (1 g.) was then added, and the mixture heated tili a clear solution was 
obtained. The picrate, separated on cooling, was recrystallised five times from ethyl 
alcohol, m. p. 203-205°. (Found: N, 17.4. C,,;H,,0,N;S requires N, 17.1 per cent). 

Similar reactions were carried out with a number of substituted toluenes and the 
results are summarised in the above table. All the reactions were carried out in 
dry carbon tetrachloride solution and benzoyl peroxide was added in portions (0.25 g.) 
twice. No analyses of S alkyl-isothourea picrates, already prepared and _ reported 
in literature (cf. Levy and Campbell, Joc. cit.) have been carried out. In such cases, the 
melting points of the derivatives are shown within brackets, as reported in literature, 

* M. P. s are uncorrected. 
CHEMIsTRY DEPARTMENT, 
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MODIFICATION OF COLLIN’S METHOD FOR DETERMINING 
CARBONATE IN SOILS 


By C. C. SHAH AND J. L. AMIN 


A rapid method for the estimation of carbonate in soils has been described. Use is made ofa 
solution of trichloroacetic acid (150 g. acid in 10 g. water) to liberate thecarbon dioxide. The volume of 
carbon dioxide evolved from pure calcium carbonate is measured. An amount of soil equal to 100 
divided by the volume of carbon dioxide evolved from 0.100 g. calcium carbonate is taken for liberating 
carbon dioxide. The volume of carbon dioxide then evolved divided by 10 gives directly the percentage 
of calcium carbonate in the soil. The apparatus used is also described and is simple to set up. 

Sevetal methods are available for determining the amount of carbonate in 
soils. Some of the gravimetric and volumetric methods are very accurate and 
Fig. 1 carbonate content of the soil can be 
determined to the second or even 
third decimal place. In routine examina- 
tion of soils such accuracy is not only 
unessential but even the time and labour 
devoted to it are n>t commensurate with 
the significance of the determination. 
In soil laboratories Collin’s Calcimeter 
method has found wide application. 
It measures the amount of carbon dioxide 
evolved from a given weight of the sample 
under specified conditions and from the 
amount of carbon dioxide evolved the 
percentage of calcium carbonate in soils 
is calculated. 
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— It has to be recognised that 
in such a determination a small quantity 
of a gas other than that from calcium 
carbonate gives higher readings .as is 
evident from the work of Shorey and 
Martin (J. Amer. Chem. Scc., 1930, 
52, 40907) and others, and for the 
highest accuracy the method described by 
Schollenberger (Soil Sci., 1930, 30, 307; 
1945, 59, ©7) is an ideal one. In the 
Collins’ original method dilute HC] is used 
for liberating carbon dioxide. It has been 
shown by Erickson, Li and Gieseking 
(Soil Sci., 1947, 63 451) that a solu tion 
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of trichloroacetic acid isa better reagent. 
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In the present method trichloroacetic acid has been used for liberating carbon 
dioxide. 

Another modification adopted is to do away with the measurement of temperature 
and pressure and reduction of volume at N. T. P. Inthis way it is possible to carry 
out a number of estimations rapidly and with sufficient accuracy. 

Apparatus.—Laboratories having Collin’s calcimeter can use that apparatus for such 
determinations. For laboratories that do not have this apparatus the set up is quite 
simple, and is shown in Fig. 1. 

A gas burette and an ordinary burette are connected by a piece of pressure tubing. 
The other end of the gas burette is commected by a piece of pressure tubing toa 150¢c.c. 
wide mouthed ether extraction flask. The flask is fitted with a two-hole stopper. In one 
of the holes is fitted a glass stop-cock, while a piece of glass tubing is inserted in the other 
hole and connected to the bure*te. One small test tube of 2-2$" length having a 
capacity of 8 c.c. is used to fill acid. 

Reagents .—Pure calcium carbonate and a solution prepared from 150 g. of trichloro- 
acetic acid and to g. of water are used. 

Procedure .—Pure calcium carbonate (0.10 g.) is weighed and introduced into the 
flask. The trichloroacetic acid solution (5 c.c.) is added to the test tube and the test tube 
wiped from outside. It is carefully inserted into the flask which is closed and hung by a hook 
on the apparatus. It is connected to the gas burette by pressure tubing. The heights 
of water columns in the two burettes are adjusted to the same level and the glass tap 
is closed. The acid is then carefully permitted to flow into the flask by tilting it and 
shaking it well. After the evolution of carbon dioxide ceases, the levels in the burettes 
are again adjusted and the volume of carbon dioxide is read off. Towards the end it is 
advisable to check up the leakage by lowering the open burette and keeping it there fos 
five minutes. ‘This estimation gives the amount of soil to be taken for direct Getermina- 
tion of the percentage of carbonate. 


If the volume of the gas evolved is V c.c. the quantity of soil to be taken for 
direct determination is 100/ V g. 

Weigh 100/V g. of the soil to be tested and repeat the above procedure. ‘The 
volume of carbon dioxide evolved divided by 10 gives directly the percentage of calcium 
carbonate in the soil. 

Suppose a g. calcium carbonate is present in 100/V g. of soil and V, c.c. of carbon 
dioxide is evolved from it at temperature T{ (abs.) and pressure P, mm. of mercury. 
The volume of carbon dioxide at N.T.P. 

—VixP,* 273 
7 760xT, 


But the volume of carbon dioxide given by 0.100 g. of calcium carbonate is V c.c. at 
temperature T, and pressure P, and the volume at N.T.P. 

= V XP, % 273 
760xT, 
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V,% P,X 273 


760 x T , 
0.1 VxP,x273  V 
760 xT, 
Therfore a= a g- calcium carbonate in “s g. of soil. 
10 
Percentage of calcium carbonate in the soil = Vy oS x VMs 


1oV I 100 =—«I0 


The authors are thankful to Dr. M. D. Patel, Director, Institute of Agriculture, 
Anand, for his help 4nd interest during the progress of the investigation. 
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LIESEGANG RING FORMATION OF THE SPARINGLY SOLUBLE 
SALTS OF RARER ELEMENTS IN GELATIN 


By A. C. CHatTrerjt AND M. C. RAstocr 


Phenomenon of the periodic structures was first observed and studied by Liesegang 
(Naturwiss., 1896, 11, 353; Phot. Archiv, 1896, 221). Large number of periodic 
structures were also obtained by Hausmann (Z. anorg. Chem., 1904, 40, 110), Stans- 
field (Amer. J. Sci., 1917, 48, 1), Hatschek ‘J. Soc. Chem. Ind., 1912, 10, 77), 
Orlovski  (Kolloid Z., 1926, 39. 48), Kuzmenko (Ukraine Chem. J., 1928, 8, 231), 
Daus and Tower ‘J. Phys. Chem., 1929, 38, 6.5), Dhar and Chatterji (ibid., 1924, 28, 
41) and Mukherjee and Chatterji (Kolloid Z., 1930, 60, 147). The periodic structures 
described by Liesegang were those in which rings were separated by clear spaces, but 
Dhar and Chatterji (loc. cit.) have established that there are two types of banded 
structures, in one type, rings are separated by clear spaces while in the other the 
precipitate is separated by a band of peptised sol. In this connection they have prepared 
many rings of various sparingly soluble salts of Ag, Cu, Pb, Hg, Zn, Ni, Co, ete., but 
the study on the ring formation of the rarer elements has not yet been done. Therefore 
a systematic study of the sparingly soluble salts of rarer elements has been undertaken. 

The experimental work has been done on the same lines that of Dhar and Chatterji 
(loc. cit.). 

1% Normal solution of sodium tungstate, selenious acid, sodium selenate, sodium ortho- 
and metavanadate, potassium tellurate, thorium nitrate, zirconiun nitrate, thallous sulphate, 
cerous nitrate, ceric nitrate and beryllium nitrate were evenly distributed in 5% gelatin. 
Above solutions were poured in three different series of test tubes and allowed to set. 
20, 10, and 5% of the respective precipitating salts were allowed to diffuse from the 
top of the test tubes. But in the case of uranyl compounds, 20, ro and 5% of uranyl 
nitrate were allowed to diffuse in the test tubes from the top containing 1% of the 
precipitating electrolytes uniformly distributed immediately in 5% gelatin solution as on 
following the usual procedue, the gel sets. The results obtained are given below. 


TABLE I 
Type [ (rings separated by clear spaces) Type If (precipitate separated by a band of 
peptised sol). 
(x1) Tungstates of Sr, Ba and Cd Tungstate of Cr 
(2) Selenite of Cu 
(3) Selenium metal: acid reduced by FeSO, Selenium metal: acid reduced by SoCh & 
NH,OH.HC!1 


(4) Selenate of Ba pm 
(5) Vanadate (ortho) of Ca Vanadate (ortho) of Cu, Pb and Cr 


Vanadate (meta) of Cd Vanadate (meta) of Ba, Be and U 
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(7) 
(8) 


(9) 
(10) 


(11) 
(12) 
(13 


(14) 
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TABLE I (contd.) 


Type I 
Tellurates of Ag, Cd and Pb 
Thorium salts: thoriam hydroxide, oxalate, 
sulphate, iodate, fluoride and ferrocyanide 
Zirconium phosphate 
Thallium salts: oxalate and hydroxide 


Cerous salts: oxalate and carbonate 

Ceric hydroxide 

Uranyt compounds : uranyl oxalate, ammo- 
nium phosphate and ferrocyanide 

Beryllium carbonate 


Type II. 


Tellurate of Fe (ous) 


Zirconium hydroxide 
Thallium salts: iodide and sulphide 


Sodium uranate 


Beryllium hydroxide 


For the following salts no rings could be obtained: vanadate of Sr, Ag and Fe (ous), 
urany! sulphide and ammonium uranate. 
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The Heterocyclic Derivatives of Phosphorus, Arsenic, Antimony, Bismuth and 
Silicon.—By Frederick George Mann, Cambridge University. Published by Inter-Science 
Publishers, Inc., New York. 

This volume is a monograph of the series “The Chemistry of Heterocyclic Compounds’. 
A systematic account of the heterocyclic organic derivatives of phosphorus, arsenic, 
antimony, bismuth and silicon has been given and the various ring systems (e.g. four 
five, six, seven and even ten -membered ring systems) containing these elements and 
carbon (with or without other elements) have been discussed giving references to original 
papers in the journals. 

The volume will be a very helpful guide to research workers in this wide and 
fruitful field of investigation. 

D. C. 

Organic Chemistry (Second Edition, 1950).—By Louis F. Fieser and Mary Fieser. 
Published by D. C. Heath and Company, Boston. 


The Second edition of this standard book on theoretical organic chemistry will 
be welcomed by the Organic Chemists. Since the publication of the first edition of 
this volume, the students and research workers in Organic Chemistry have found this 
book indispensable, as starting from the fundamental principles it presents to the readers 
the modern developments in organic chemistry. According to the authors “‘ the complete 
book is intended to be useful for orientation in specialised fields of natural products, 
in theoretical organic chemistry, in chemotherapy, in the technology of petroleum, 
rubber, dyes and plastics,.’’ 


The second revised edition is an improvement on the first edition in many respects 
as newly discovered reagents, synthetic methods and techniques have been incorporated, 
the eletronic and resonance concepts have been included and new chapters have been 
added on ‘Heterocyclic Compounds’, and ‘Reaction Mechanisms ’. 

The addition of considerable new materials keeping in vew of the significant advances 
in fundamentai Organic Chemistry, Biochemistry and ‘[echnology, without appreciable 
expansion of the volume of the book, has enhanced considerably the usefulness of the 
book. 

The authors deserve congratulations for presenting this up-to-date standard book on 
Theoretical Organic Chemistry to the readers. 

DD. €. 

Text Book of Organic Chemistry.— By Louis F. Fieser and Mary Fieser. Published 
by D. C. Heath and Company, Boston, 1950. 

This book is an extensive revision of Organic Chemistry, abridged, published 
in 1944. 

It is designed for use in a one-year introductory course or the equivalent and it 
includes chapter summaries, problems and answers for assistance in studying. ‘The 
subject matter has been presented in a very lucid manner and the aim of the authors 
has been to guide the student to the mastery of the subject. The summaries at the 
end of each chapter have been a novel innovation intended to promote profitable study 
and increased practice writing. The authors remark in the preface “‘ Organic chemistry 
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is not éa&y and’ a¥ fitstit ay appeat hopeless? dbstrasé. Nevertlicless, after a certain 
mastery of términolé¥y atid principles has’ been acquiréd, orgattic chemistry begins to 
appear surprisingly orderly, understandable and not too’ difficul€ te remember’’. 
Probléinig have béeti inéfutled dt the éhd Sf most of the chapters and préblems have been 
listed in ifi@réwsiig drder of difficulty to test the compétency of the students, and 
answers to thé prébleiis aré given in drder to provide guidance wliere heeded: 

The Bock? NRé iS préviows edition: will Be # valuable text book for the students. 
ft bekinS witty tie furidnientat ptinciples ah@ also briefly descfibes the up-to-date 
technique and reactions in modern organic chemistry. 


Bp. ¢. 
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ANODIC OXIDATION OF FORMATE ION 


By A. N. KAppANNA AND BHANU RAMCHANDRA DEORAS 


A study of the electrolysis of sodium formate in neutral solutions has been made, with particular 
reference to reactions at the anode. Current-ariode potential curves are quite smooth and continuous 
No abrupt changes or breaks are observed right up to high current densities. 

In M-sodium formate solutions (a) carbon dioxide is the sole product up to a current density of 
12.50 milliamperes per sq.cm., (b) between current densities 12.5 and 50 milliamps. small percentages 
of oxygen are also formed; (c) at and above a current density of 50 milliamps. small quantities of 


carbon monoxide and hydrogen are also among the products. 
The formation of the different anode products has been explained on the basis of the formatian ot 


an pustable dimer of the formate radical and its subsequent catalytic decomposition on the platinum 
surface at different centres. 


Anodic oxidation of formate ion has been the subject of numerous irivestigations. 
Earlier workers ‘Peterson, Bull. Acad. Roy. Denmark, 1897, 397; Z. physikal. 
Chem., 1900, 38, 106; Salzer, Z. Electrochem., 1902, 8, 893) found that in aqueous 
solutions, the main product at the anode was carbon dioxide at. moderate concentrations, 
while in dilute sojutions a: certain amount of oxygen was alsoliberated. The ratio 
CO,/03. was found to depend upon the dilution and the current density. Among the 
more recent investigations, those of E. Muller ‘7. Electrochem., 1923, 29, 264; 1927, 
33, 56z) and F. Muller (ibid., 1927, 38, 173) are of particular interest and importance 
as they aimed at arriving at a mechanism for the anode reactions. Both these investiga- 
tors found the reaction to proceed quantitatively in accordance with the equation 


HCOOH + 2 Faradays —> CO, + Hz. 


From this significant relationship, the anodic reaction, resulting in the liberation of 
one molecule of carbon dioxide per two units of electricity, was accounted for by F. 


Muller by the expression 
2 HCOO —> HCOOH + CO, + 2Q. 


It is reasonable to infer that thi, overall anodic reaction takes place by the liberation 
of formate radicals on the anode in the first instance, followed by 


2 HCOO’—> HCOOH + CO, ui ae soot! 9 


In all the investigations referred to above, the electrolytes consisted of mixtures 
formic acid or alkali formates either with sulphuric acid or alkalies. The liberation 
carbon dioxide in pure alkali formate soluticns is in all probability due to the re- 
on between freshly formed formate radicals at the anode. If free sulphuric acid 
alkali happen to be present in the electrolyte, it is not improbable that the oxida- 

tion of the formate radical may; im -part at least, be due to the liberation of oxygen 
atoms on a- neutral anode surface due to secondary processes following the primary 
discharge of sulphate or hydroxyl ions. The occurrence of oxygen in anodic gases 
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in these mixed electrolytes may likewise, in part, be due to the same cause. These 
arguments do not, however, rule out the possibility of the formate radical itself, 
depending upon the circumstances prevailing on and around the surface of the anode, 
liberating oxygen by reacting with water in the following ways : 


HCOO + H,O — HCOOH + OH 
and 20H — H,0 + O 
or 2HCOO + H,O —> 2 HCOOH + O ai ia ea 


although the latter process would be less probable than the former. It was our object 
in the present investigation to obtain more information regarding the anodic reactions 
in the electrolysis of formates. We have carried out experiments using neutral for- 
mate solutions for electrolysis between polished platinum electrodes. Our results are 
somewhat different from those of previous workers in so far as we have found, rather 
surprisingly, carbon monoxide and even hydrogen among the anodic products at high 
current densities. These results and their interpretation form the subject matter of this 


communication. 
ExPERIMENTAL 


Fig. 1. gives an idea of the experimental arrangement. ‘The platinum electrodes 
A and B (each2 cm. x 1 cm.) Fic. 1 
were covered by gas collecting 
contraptions of the shape indicated 
in the diagram. These, incidental- 
ly, helped to act as separators 
between the electrodes. The gas 
collectors were connected to gas 
burettes into which the gases were 
sucked for measurement and 
analysis at required intervals, A 
saturated KCl-calomel element was 
employed as the auxiliary for the 
measurement of anode potentials. 
Decomposition as well as anode 
potentials were all measured 
with a standard Leeds-Northrup 
potentiometer arrangement. The 
experiments were carried out 
with the electrolytic cell maintained 
at 30°, The gases collected were 
analysed by the usual methods of 
absorption. 
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Tables I, II and III give the potentiometric readings for the anode and polarisation 
potentials in N-formic acid, N-sodium formate and N/10-sodium formate respectively. 


TaBie I 


N-Formic acid. 








Potential between electrodes. Anode potential (against saturated 
Current. KCl-calomel element 0.242 volt), 
0.02 M.amp. 0.6624 1.2074 0 4946 0.9860 
0 04 0.8153 1.3083 0.0984 1.2220 
0.06 0.8598 1.8598 1.5189 1.3679 
0.08 1.0423 . 1.8685 0.8330 1.3974 
0.10 1.1461 1.5842 0.8830 1.4113 
0.12 1.2242 1.6542 0.9203 1.4472 
0.16 1.3381 1.6858 0.9841 1.4740 
0.20 1.4999 1.7282 1.0877 1.4963 
0.30 1 1.7828 * 1.7916 1 1.3094 * 1.5280 
0.40 1.9182 1.8788 1.3822 1.5594 
0.50 2.0142 2.1264 1.4092 1.5802 
0.60 2.0790 2.2820 1.4412 1.5842 
0.80 2.2094 2.3116 1.4854 1.5858 
1.00 2.3244 2.3916 1.4990 1.5976 
1.50 2.4424 2.5854 1 5586 1.6554 
2.00 2.5482 2.6480 1.5782 1.6764 
3.00 a. 2.7476 1.6500 1.7120 
5-00 2.8286 2.go10 1.7206 1.7608 
10.Cco 3.1692 3-2290 1.8546 1.8772 
15.00 3.4760 3-4880 1.9604 1.9540 
TABLE II 


N-Sodium formate. 


Current. Potential between electzodes. Anode potential (against saturated 
KCl-calomel element 0.242 volt). 





gute, 








0.02 m. amp. 0.6675 0.7728 0.4985 0.5390 
0.04 0.8685 0.9842 0 6250 0.7122 
0.06 0.9742 1.0704 0.6824 0.8273 
0.08 1.0272 1.1099 0.7001 0.8454 
0.10 1 0630 1.1403 0.7126 0.8516 
0.12 1.1129 1.1560 0.7278 0 8577 
0.16 1.1836 1.1958 0.7425 0.8689 
0.20 1.2534 1.2620 0.7536 0.8808 
0.25 1.3685 1.3682 0.7616 0.8919 
0.30 1.4440 1.4447 0.7742 0.8970 
0.40 ts 1.5492 * 1.5145 A) 0.7852 * 0.9129 
0.60 1.8682 1 8746 o 8162 0.9906 
0.80 2.0200 2.2400 0.8498 1.0280 
1.00 2.1068 2.3352 0.8614 1.0636 
1.50 2.2340 2.5458 0.8968 1.1772 
2.00 2.3612 2.6478 0.9452 I 2240 
3.00 2.5592 2.7912 1.0832 I. 2924 
5.00 2.8164 2 9212 1.2122 I.3294 
10.00 3.0844 3-0854 1.4164 1.4052 
15.00 3.2140 3-1682 1.4688 1.5236 


20.00 3-3370 3.3862 1.4540 1.5540 
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TABLE III 
o0.10N-Sodium formate. 
Potential between electrodes. Anode potential (against saturated 
Current. KCl-calomel element 0.242 volt). 
0 02 m. amp. 0.6020 0.6820 0.4330 9.4480 
0.04 0.8160 0.8820 0.6420 9.6810 
0 06 0.8980 0.9874 0.7532 »- 7948 
0.08 ~ “6.9249 1.0246 0.7667 0.8088 
0.10 0.9661 1.0545 0.7781 0.8184 
0.12 0.9664 1.0594 0.7880 0.8293 
0.16 0.9953 1.0860 0.8000 0.8438 
0.20 1.0139 1.0590 0.8016 0.8592 
0.25 1.0484 1.1761 0.8133 0.8846 
0.30 1 1.0712 * 3.2175 x) 0.8210 1 0.9248 
0.40 1.1603 1.3784 0.8472 1.0256 
0.50 1.2801 1.4372 0.8829 1.1117 
0.60 ' 1.4301 1.5435 0.9732 , 1.1557 
1.00 1.9480 2.2320 1.0642 1.2004 
1.50 2.3900 2.4780 1.1920 1.2614 
2.00 2.5176 2.5570 1.2280 1.2870 
3.00 2.6450 2 6836 1.2856 1.3322 
5.00 2.8204 2.8644 I 3544 1.3660 
8.00 3-032 3.0690 1.4540 1.4722 


The current was in all cases gradually increased, starting from zero and the poten- 
tials recorded in columns 2 and 4 refer tothe steady state reached at each current 
strength. Columns 3 and 5 indicate the potentials recorded while the current was 
gradually diminished, after going up to the highest current used, to the respective 
values. These potentials are higher than the ones observed when starting with fresh 
electrodes and the current gradually increased. ‘Ihe difference is obviously due to 
the change in the nature of the electrode surface when it has functioned for some time 
in electrolysis. These results and observations are reproducible even with the same 
set of electrodes when they are cleaned in the usual way and heated to redness and the 
experiments repeated. 

Curves drawn from these figures indicate that the anode discharge potential is 
reached at very low current densities. The values are given in Table IV. 


TABLE IV 
Solution. Anode discharge potential (corrected). Decomposition potential. 
N-Formic acid 0.897 volt 1.800 volt 
N-Na formate 0.793 1.555 
o.1N-Na formate 0.952 1.899 


The curves in all cases are smooth and continuous and show no evidence of any 
sudden changes. Our results do not confirm the findings of E. Muller (Z. Electrochem., 
1927, 38, 561) who observed breaks and branches in the curves, working with formic 
acid-sulphuric acid mixtures and with a variety of electrode materials. So-‘far as 
polished platinum electrodes are concerned, we feel justified in inferring that the. primary 
anodic processes do not vary either considerably or suddenly at any stage. The variation 
of anode potential with increase in current density, after the discharge stage is reached, 
is great and is indicative of the formation of secondary products at the anode surface. 
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Anodic Products 


The object of the next series of experiments was to see if there were any difference’ 
im the reactions and products at different current densities. 

Previous workers, as stated above, have all noted that oxygen is one of the products 
in dilute solutions and at high current densities. We confined our experiments in this 
series mostly to N-sodium formate solutions. A few experiments have also been 
carried out at higher concentrations. 

At higher as well as lower current densities, the evolution of gases at the anode was 
slow though continuous, in comparison with the rate of evolution of gas at the cathode. 
This, of course, is due to the partial absorption of the anodic carbon dioxide in water. 
With progress of electrolysis the rates tended to equalise. ‘The quantity of hydrogen 
evolved at the cathode was always almost equal to the calculated amount on the basis 
of one molecule per two faradays of electricity. ‘The volume of the cathodic gas could 
therefore be reckoned as a measure of the current passed and in all later experiments the 
silver coulometer was dispensed with. 

In experiments with higher current densities, we maintained the neutrality of 
the electrolyte by adding small quantities of formic acid (calcuiated amounts) at intervals, 
At no stage of the experiments was the solution anything but very slightly acidic or 
alkaline. ‘Tables V and V1 illustrate the nature of the results of these experiments. 


TABLE V TasLe VI 
Electrolyte = M- Na formate. Electrolyte=M- Na formate. 
Current=100 m. amps. Current = 1000 m. amps. 
Anode potential = 5.742 to 5.7995 volts. 
Time Anode potential Volume of gas Time. Vol. of gas per 10 minutes. 
(corrected). Anode. Cathode. Anode. Cathode 
Start 2.4674 volts 7.50 C.Cc. 52.50 ¢.c 1st half hour 41.0 ¢.c. 89-10 c.c. 
t hr. 2.4778 16.50 107.00 2nd 58.20 89.60 
2 2.5168 28.00 155-30 3rd 70.40 gI.00 
ad 2.5556 43-00 210.00 4th 80.50 eo. “ 
4 2.594¢ sth 85.00 91.50 
6th 9u;02 gi00 


It will be seen from these two tables that the rate of evolution of gas from the 
anode increases with time, and attains with progress of. electrolysis the same value 
as the rate of evolution of cathodic hydrogen. The long interval involyed in the attain- 
ment of the equality is understandable from the well known slow rate Of dissolution of 
carbon dioxide in water and consequent delay in attaining the state of. saturation. 

Table VII gives the results of analysis of anodic gas evolved at different current 
densities.. Figures in vertical columns 4 and 5 are intended to show the rate of evolution 
anode gases. At current densities of 50 milliamperes and above per sg. cm,a residue 
was found to be left after the absorption of carbon dioxide and oxygen. Careful 
analysis proved this to consist of carbon monoxide and hydrogen. In these runs of 
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experiments in which small volumes of these gases were found, the experiments were 
subjected to careful repetitions and a minimum of 100 c.c. of gas was collected and used 
for each analysis. The percentages shown in the table represent the mean of three 
experimental observations in each case. 


TABLE VII 
Current density Anode potential Time taken to Volume of Percentage of 
{m. amp./cm?). (volts) collect the gas anode gas. CO,. ao Ce Hy 


M-Sodium formate soln. 


1.25 a 1.4581—1.4988 12 hours 6.5 ¢.c 100 
2.5 1.5104—1.5678 6 14.2 100 
6.25 1.6791—1.7628 4 32.0 100 

12.50 1.8908—1.9028 3 40.40 96 4.9 

25.00 2.4674—2.5580 I 27.9 gI 9.0 

50.00 3-8382 I 48.20 87 6.5 33 3.0 
250.00 5-742 (a) 10 minutes in rst 41.00 55 35 6.9 2.0 

half hour 
tb) 10 min. in 2nd 56.50 61 28 6.3 4.0 
half hour 
(c) 10 min. in 3rd 71 67 20 7.8 5.0 
half hour 
2M-Sodium formate soln. 

50 go 7 1.6 1.4 
125 86 9-5 2.6 1.9 
4M-Sodium formate soln. 

52 92.8 4.2 1.1 1.8 
125 go.§ 5.5 1.80 1.0 
250 91.0 6.5 I 30 1.0 
M/10-Sodium formate soln. 

250 28.4 69.7 1.8 — 


DISCUSSION 


The variation of anode potential with progress of electrolysis at the same current 
density is consistent with experience in all electrolytic phenomena due mainly to a change 
in the nature of the electrode surface caused by adsorption of electrode products, the 
nature and extent of which also vary with time, as well as the mechanical disintegra- 
tion, particularly at higher current densities, and consequent variation of the eiectronic 
forces on the electrode surface. ‘The evolution of oxygen commences at a current density 
near about 12.5 milliamp. per sq. cm. The potential at the anode (1.9 volts) at this 
current density is very much above the overvoltage of oxygen observed in neutral 
solutions of other salts (1.41 in neutral chlorate solutions at a current density of 100 
milliamps. on smooth platinum; cf. Howard, Trans. Amer. Electrochem. Soc., 1923, 48, 
51). There is no reason therefore to believe that the liberation of oxygen at any stage is 
the result of a primary anodic process. At still higher current densities (50 milliamps. 
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and above) the occurrence of carbon monoxide and hydrogen, even though in small 
quantities, points to a variety of secondary processes following the primary discharge of 
formate ion. 

At low current densities, carbon dioxide is the only product and it is the predominant 
product at all current densities. We should therefore, particularly in view of the current 
efficiency of the process, regard the normal secondary reaction to be 


2HCOO — HCOOH +CO, eee wwe (1) 


At higher current densities the concentration of formate radicals would be much 
greater and the formation of oxygen might be catalytically favoured on a few spots in 
accordance with the equations 

HCOO+H,0 —» HCOOH+0H 
followed by 
20H —> H,0+0 
or 2HC00+H,0 —> 2HCOOH+0 ou coe (2) 


It should be noted that at the highest current density employed in our experiments 
there is an apparent diminution in the ©,/CO, ratio with the progress of electrolysis, 
apparent on account of the fact that in the earlier stages a good portion of the CO, 
actualiy formed is absorbed in water. But the increase in the quantities of carbon 
monoxide and hydrogen, on a percentage basis, with progress of electrolysis is real and 
has to be accounted for. 

The formation of carbon monoxide at the anode is in all probability due to the 
platinum-catalysed reaction 

2HCOO —> CO, +CO+H,0 vit i’ & 


This reaction should, of course, be occurring at centres other than the ones promot- 
ing reactions (1) and (2). It appears also reasonable to assume that the oxygen atoms 
formed in {2) have no access to the spots where CO is formed. 

Reactions (1) and (3) are both indicated here as bimolecular with reference to the 
formate radical. Whether they react in this particular way on the surface of polished 
platinum or by the formation of an unstable dimer (HCOO),, it is obvious that this 
complex, which may be regarded as an unstable isomer of oxalic acid, undergoes decom- 
position in the same ways as does oxalic acid under different conditions, Reaction (1) is 
similar to oxalic acid decomposition in glycerine and (3) is comparable to the dehydration 
decomposition of oxalic acid. 

It is interesting to recall in this context, the observations of Emil Bauer (Helv. 
Chim. Acta, 1928, 11, 372) who obtained small yields of carbon monoxide and oxygen 
at the anode in the electrolysis of anhydrous formic acid, Bauer explained all 
his results, including the formation of carbon dioxide and formic acid at the anode, 
on the basis of the formation of formyl peroxide and its subsequent decomposition. 
He formulated the following reactions : 

(HCO).0, — HCOOH+CO, 
2(HCO),0O, — 2(HCO),0+0, 


2 H,O0+4CO 
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He found ample evidence for the formation of formy! peroxide and even estimated 
it quantitatively. 

In aqueous solutions, we tried in vain, to find any evidence for the formation.df 
any such peroxide. It appears probable that in anhydrous formic acid (i.e. in the 
absence of water) the peroxide is readily formed at the anode and decomposes later. 
In aqueous solutions therefore w® feel justified in explaining the formation of CQ , O, 
and CO by the mechanism of surface catalysis as in (1), (2) and (3). 

The most interesting feature of our results is that hydrogen is one of the minor 
constituents of the anodic gases. It is interesting in so far as it comes out of the same 
electrode from the surface of which oxygen also escapes and in much larger quantities. 
This could happen under only one circumstance and that is when the centres of hydrogen 
formation happen to be well removed spatially from oxygen formation centres. We 
suggest the following machanism for the formation of hydrogen, as the most probable 
one : 

2HCOO -— age Sai ie 7 (4) 


H, 
on the analogy of the wel! known reaction of heated sodium formate decomposing 
itself into forming sodium oxalate and hydrogen 


2 HCOO’ — H,+C,.0," vee te oe (5) 


the difference between (4) and (5) being that the latter being an ionic reaction gives rise to 
an ionic product, the oxaiate ion, while in (4) the free radicals carbon dioxide in addition 
to hydrogen. Reaction (4) may be as slow or even slower than (3). Even in case it 
happens to be faster, the escape of all hydrogen may be rendered a bit difficult by the 
‘possibility of its oxidation by oxygen. ‘The fact that hydrogen is one of the constituents 
of the anodic gases and imay be the consequence of an overail effect is proof positive that 
(4) occurs at centres soméwhat conveniently removed from those where oxygen atoms 
are produced. Reactions (3) and {4) occur only at high current densities when a‘:large 
number of formate radicals is liberated per second on the anode and the probability 
‘of the various simu!taneous reactions, fast and slow, manifesting themselves as a result 
of the saturation of the surface, becomes greater. 
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STUDIES ON CLERODIN. THE ACTIVE PRINCIPLE OF 
CLERODENDRON INFORTUNATUM. PART I 


By D. N. CHAUDHURY AND PARESH CHANDRA Du?TTA 


Clerodin, the active principle of the leaves of clerodendron infortunatum has been investigated. 
By following a modified method it has been obtained in an increased vield and reinvestigation of the 
active principle confirms its formula to be CggH4gOy instead of C); HgQ;, as reported by Banerjee. 


Banerjee (this Journal, 1937, 14, 51) first isolated clerodin, a colorless, crystalline 
active principle (m.p. 161-62°, [a]?=+45°.4) from the leaves of Clerodendron 
infortunatum in 0.12% yield, to which he assigned the formula C,,H,,0;. By adopting 
a modified method of isolation and using dried leaves just after rains we have, however, 
been able to increase its yield considerably (0.75%) and the melting point of clerodin 
by repeated recrystallisation could be raised to 164-65°. On the basis of his formula 
Banerjee (Trans. Bose Res. Inst., 1935-1936, 11, 71) accounted one of the oxygen atoms 
as present in an alcoholic hydroxyl group, since by using rather drastic conditions he 
claimed to have prepared a crystalline mouoacetyl derivative, m.p. 110°, which inspite 
of our repeated attempts to reproduce could only be obtained as an intractable product. 
Moreover, though he reported to have obtained (Trans. Bose Res. Inst., 1936-1937, 12, 
75) dihydrocierodin (m.p. 115°) by reduction with H-Pt or Zn-acetic acid and an 
aromatic monobasic acid (C,;H,,.O,, m.p. 265°) by oxidation with KMnQ,-acetone o1 
with CrO;, we were unable to confirm his views as repeated attempts to reproduce his 
results of reduction and oxidation invariably gave rise to either gummy products or 
amorphous mass which could not be crystailised. From the studies of a large number 
of reduction (e.g. with Pd-C/H, Adams PtO,-catalyst, Zn-acetic acid) and oxidation 
(e.g. with alkaline permanganate, acid permangan,te, dichromate and sulphuric acid, 
chromic acid in acetic acid in cold as well as hot) experiments, even under varying 
conditions, we were led to conclude that degradation of clerodin by the usual oxidising 
and reducing agents appeared difficult to control as only inconsistent results were obtained 
which could not be reproduced. 

Having failed to confirm the experimental results of Banerjee (Joc. cit.) we decided 
to re-examine the issue from the very beginning. Contrary to his claims, a series of 
of molecuiar weight determinations both by. cryoscopic and Rast camphor methods as 
well as the analyses of clerodin and its derivatives appeared to indicate its formula as 
CasHaoO,. The acetylation of clerodin has, however, been achieved under compara- 
tively mild experimental conditions and the anayltical results of the crystalline acetyl 
derivative (m.p. 205°) are in close agreement with the possibility of its being a tetra-ace- 
tate of clerodin, a fact indicating the presence of four hydroxyl groups in clerodin, which 
being non-phenolic in character, presumably must be alcoholic. 


. . On the basis of his formula Banerjee (loc. cit.) accounted the three oxygen atoms 
in clerodin as one for the alcoholic hydroxyl and other two in one O-acetyl group 


2—1777P~-6 
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‘-O.CO.CH;), the presence of the latter he indicated only by its estimation without 
giving, whatsoever, any confirmatory evidence to substantiate the presence of such an 
ester group in the clerodin moiecule. In view of the striking difference between our 
proposed formula and the one assigned by him for clerodin, we next decided to establish 
the presence of aO.CO.CH; group in the molecule. The isolation of acetic acid by 
acid hydrolysis and its identification as acetanilide, together with the fact that deacetyla- 
tion of clerodin by mild alkaline hydrolysis followed by reacetylation of desacetyl 
clerodin to yield acetyliclerodin, identical with the tetra-acetate obtained directly from 
clerodin by acetylation, as diagrammatically shown below, definitely prove the existence 
of the O-acetyl group which, when estimated, gave the values for one such group in the 
molecule, a result in keeping with the assumption that clerodin is represented by the 
formula C.3;H Os. 


50% H,SO, NaAc-Ac 20 
Acetic acid <——— Clerodin ———> Acetylclerodin 
C.6Hs70.(0.CO.CH;) C2¢H330,(0.CO-.CHs); 
{ 1% KOH { MeOH A 
NaAc-AcoO | 
Acetanilide Desacetylclerodin —— 
[C.-Hsel ),(OH)] 


Thus, out of the eight oxygen atoms in clerodin two are accounted in the ester 
group (O.CO.CH;), four in the alcoholic hydroxyl groups and the remaining two, in the 
absence of any alkoxy or carbonyl group, appear to be present in ether linkages. 


The presence of such a considerable number of alcoholic hydroxyl groups in clerodin 
suggested the possibility of its being a glycoside, but when the aqueous solution after 
hydrolysis of clerodin either with aqueous-alcoliolic HCI or sulphuric acid was examined, 
it was found difficult to form any definite conclusion, because the neutralised aqueous 
solution after hydrolysis failed to reduce Fehling’s solution readily though after 
prolonged heating the solution deposited red cuprous oxide on long standing and with 
Tollen’s reagent the hydrolytic aqueous solution gave once a silver mirror which ‘could 
not be reproduced except that on repeating the experiment only a little black deposit 
of silver was obtained. The rather slow and inconclusive reducing property of the 
hydrolytic solution appears to be due to the presence of impurities in the alcohol, the 
use of which is necessary to keep clerodin in solution during hydrolysis, since an 
aqueous-alcoholic Fehling’s solution alone is slowly reduced on prolonged heating. 
The traces of the yellow product, obtained by the interaction of the hydrolytic solution 
with phenylhydrazine acetate, being largely contaminated with oily impurities, could 
not be purified to permit its characterisation. 


A search in the literature indicated that clerodin, C,,H,,O,, having such a high 
molecular weight with its characteristic property of producing copious froth during 
acid hydrolysis might belong to the steroid class of compounds and as such when 
clerodin itself or the product, obtained by acid hydrolysis as a low melting solid, was 
subjected to the colour reactions of a sterol, the results were found to agree with our 
anticipation. It gave red coloration in Libermann-Burchard test, purple in Salkowski’s 
test, deep red in Tschaugajeff test and no coloration in Rosenheims test, the last 




















STUDIES ON CLERODIN 297 


reaction indicating the absence of a system containing or potentially containing a 
conjugated system of carbon atoms. Since the pyridine solution of clerodin failed to 
respond to Legal’s test it could not belong to the class of cardiac poisons having a y- 
unsaturated lactone ring. 

Thus, for the complete elucidation of the structure of clerodin further investigation, 


which is necessary, is awaiting the isvlation of a substantial quantity of the natural 


product. 
ExPERIMENTAL 


Isolation.—Four batches of the dried powdered leaves of C. inforlunatum (soo ge. 
each} was exhaustively extracted in a soxhlet with petroleum ether (b. p. 60°-So°). 
Distillation of the petroleum ether from the extract left a thick mass of dark green 
coloured needles which were repeatedly extracted with cold alcohol (96%, 2v0 c.c. x 10), 
the combined alcoholic solution after concentrating to a small bulk (200 c.c.) on standing 
almost solidified to a thick paste of long needles which were filtered off from the dark 
mother-liquor (I,) and washed with a little cold dilute alcohol. For purification, the 
crystals were dissolved in hot alcohol (96%, 200 c.c.) and the solution diluted with a 
large volume of water when yellow neediecs separated out which were collected by 
filtration. Repetition of the process of dissolving in alcohol and precipitation with water 
gradually removed the colouring matter yielding almost colorless needles ‘P) which 
were set aside for further purification. 

A further quantity of clerodin was obtained from the dark mother-liquor (L) which 
after concentration to a thick syrup, when poured into a large volume of cold water, 
precipitated a yellow crystalline mass contaminated with tarry matter which was 
filtered through a plug of cotton. The residue was repeatedly extracted with boiling 
water, the extracts filtered hot through cotton which retained most of the tarry matter 
and the turbid aqueous filtrate, on cooling, deposited almost pure long needles (Q) which 
were filtered off. 

The crystalline residues (P & Q) were combined, dissolved in the minimum quantity 
of hot alcohol and water added just to turbidity; on standidg, the solution deposited 
long silky needles of clerodin which were recrystallised several times from dilute ethyl 
alcohol and finally from methyl alcohol in rosettes of slender glistening needles, m.p. 
164-65° (Brnerjee, loc cit. records m.p. 161-62°), yield 15 g. (0.75%). 

[Found M. W. (cryoscopic) in benzene: 491, 498; (Rast) 472, 402, 504, 540. Cale. 
for C.,HwOs: M.W., 504 (cf. Banerjee records M.W. 207, 212, 217, 222]. (Found: C, 66.68; 
66.51 H, 7.87, 7-75- CosHaeOs requires C, 66.46; H, 7.93 per cent) (cf. Banerjee, C,,H,,0; 
requires C, 70.27; H, 8.1%). (Found: acetyl, 8.37. Calc. for one acetyl: C.sHyOs 
requires 8.5 per cent). 

Clerodin is almost insoluble in waier, highly soluble in ethyl alcohol, methyl 
alcohol, acetone and the other usual organic solvents. Its solution is neutral to litmus. 
It is insoluble in cold and hot aqueous caustic soda, though in alcoholic caustic soda 
it dissolves at room temperature imparting yellow colour to the solution, but is not 
reprecipitated on acidification. It neither reduces Tollen’s reagent nor Fehling’s 
solution and its alcoholic solution does not give any characteristic colour with ferric 
chloride. Though it rapidly decolorises bromine in carbon tetrachloride, it slowly 
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discharges the colour of permanganate in acetone solution. It dissolves in cold concentrated 
sulphuric acid with intense red coloration and in cold concentrated HCI] with no colora- 
tion from which it is not precipitated by dilution with a large volume of water. It 
does not react with 2: 4-dinitrophenylhydrazine but readily responds to the hydroxamate 
test for an ester. 


Acetylation of Clerodin.—A wixture of clerodin (0.7 g.), freshly fused powdered 
sodium acetate (1.5 g.} and freshly distilled acetic anhydride (5 c.c.) was heated on the 
water-bath for two hours, cooled, poured into ice-water with stirring and allowed to 
stand for 24 hours. The solid after filtration was thoroughly washed with water and 
dissolved in the minimum amount of warm methyl alcohol and the solution treated 
with water until a faint turbidity appeared. On being kept, this solution deposited 
the acetate in prismatic needles, m.p. 198°-203° which were finally recrystallised from 
methyl alcohol in colorless prismatic needles or in rectangular prisms, m.p. 205°. 
(Found: C, 64.43, 64.31; H, 7.44, 7.39. CseHysO,. requires C, 64.28; H, 7-14 
per cent}. 

Attempts to prepare the acetyl derivative, according to the method of Banerjee 
(loc. cit.) by using acetyl chloride, gave a white amorphous solid which could not be 
induced to crystallise. 

Acid-hydrolysis of Clerodin with 50% H.SO,.—A mixture of clerodin (1 g.) and 
sulphuric acid (50%, 100 c.c.) was refluxed over a small flame for half an hour, when 
a brown precipitate which separated out in the beginning gradually became darker 
and the solution produced a vigorous froth during the course of boiling. The brown 
reaction mixture after cooling was very carefully transferred to a distilling flask to 
overcome the difficulty of vigorous frothing and about 100 c.c. of the distillate was 
slowly collected through an efficient condenser, fresh water being frequently added 
during distillation from the dropping funnel fitted to the top of the distilling flask 
to keep the volume of the reaction mixture almost constant. The distillate, which 
was strongly acidic, was treated with a drop of phenolphthalein and next exactly 
neutralised with the dropwise addition of an alcoholic solution of caustic soda, the 
neutral solution slowly evaporated to dryness on the water-bath until a_ solid 
residue was obtained. The solid (0.5 g.) which 1esponded to the qualitative tests 
for an acetate, viz. (a) red coloration with ferric chloride, (6) vineger smell with warm 
dilute sulphuric acid and {c) cacodyl oxide reaction, was mixed with a little freshly 
distilled aniline (1 g.} and HCl (conc., 0.5 ¢.c.}. After heating the mixture for 45 
minutes under reflux it was cooled, mixed with alcohol (5 ¢.c.), again boiled and 
the alcoholic extract poured into hot water {40 c.c ). The solution on evaporation 
to dryness left a residue which was extracted with ether, the ether evaporated when 
an oily residue was left behind. This oily product was extracted with a small quantity 
of hot water, the aqueous solution concentrated, cooled and on standing it immediately 
deposited glistening crystals, which on recrystallisation from a little very dilute alcohol, 
yielded the pure product, m.p. 112°, identical in every way with an authentic specimen 
of acetanilide, m.p. and mixed m.p. 112-14°. 

Hydrolysis of Clerodin with Aqueous-alcoholic HCl.—A solution of clerodin 
(0.4 g-) in alcohol ‘96%, 2u0 c.c.) was treated with dilute HCl {2N, o.3 c.c.) and the 
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solution refluxed for 3 hours. After distilling off the alcohol, the syrupy residue was 
treated with water and on being allowed to stand overnight, the residue solidified. 
The aqueous solution which was decanted off, reduced hot Fehling’s solution rather 
slowly, depositing red cuprous oxide on standing and also Tollen’s reagent giving a 
silver mirror. Interaction of the aqueous solution with a dilute soiution of pheayl- 
hydrazine acetate on the water-bath gave traces of a yellow product which being 
largely contaminated with oily impurities could not be purified. Similar results were 
obtained with aqueous-alcoholic sulphuric acid. The solid residue responded to the 
tests of a sterol. 

Alkaline Hydrolysis of Cierodin by KOH—aq. MeOH.—Clerodin (0.5 g.), dissolved 
in methyl alcohol ‘10 c.c.), was mixed with an aqueous solution of caustic potash 
(0.8 g. in 80c.c. water) when clerodin immediately precipitated out from the solution. 
An additional quantity ‘30c¢.c.) of methyl alcohol was added and warmed to obtain 
a clear solution which when refluxed on the water-bath for 1 hour deposited gradually 
a white shining sandy solid. After cooling it was filtered off, washed with water to 
remove the alkali, followed by methyl alcohol to remove any unchanged clerodin and 
recrystallised from a large volume of hot chloroform in glistening rectangular prisms, 
m.p. 242-43° with previous sintering at 240°, yield 0.35 g. ‘Found: C, 67.46, 67.59; 
H, 8.47, 8.43. CoceH 3,07 requires C, 67.53 ; H, 8.2 per cent). 

This compound is soluble in a large volume of hot chloroform and glacial acetic 
acid, and unlike clerodin, insoluble in methanol, ethyl alcohol and in most of the 
common organic solvents. Concentrated sulphuric acid imparts red colour to the crystals 
and on warming, the mixture is charred ; with concentrated hydrochloric acid no change 
is observed and on heating the solution becomes yellow, most of the compound remaining 
undissolved. An alcoholic suspension gives no characteristic coloration with ferric 
chloride and the substance is also insoluble in alkalies. The substance remains un- 
changed with cold aqueous permanganate but on heating the colour of the permanganate 
is discharged. A solution of the compound in chloroform, when treated with bromine 
in carbon tetrachloride does not decolorise it. 

The above deacetylated product ‘0.25 g.) was mixed with fused sodium acetate 
(x g.) and acetic anhydride ‘5 c.c.) and heated on the water-bath for 2 hours. After 
cooling, the reaction mixture was poured into ice-water when a semi-crystalline solid 
separated out, which was filtered, washed with water and on recrystallisation from 
methyl alcohol yielded the pure product, m.p. 204°-205°, undepressed on admixture 
with the synthetical specimen of acetylclerodin, m.p. 205°. 

Oxidation Experiments: (a} With solid KMnO,in Acetone solution.—A solution 
of clerodin ‘v.5 g.) in acetone {10 c.c.) was gradually treated with finely powdered 
KMnO, (0.4g.) in portions during 3 hours and left overnight. The diluted reaction 
mixture after clarifying with SO, was extracted with ether and the oily residue left 
after evaporation of the ether dissolved partially in aqueous bicarbonate with efferves- 
cence ; the filtered bicarbonate solution on acidification gave a gummy product which 
could not be crystallised. ‘The neutral insoluble portion was also found intractable 
(cf. Banerjee, loc. cit., a crystalline acid, m.p. 265° by this method). 
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(b) With Aqueous KMnO, in Acetone solution.—Clerodin (2.5 g.) in acetone 
{100 c.c.} was treated with vigorous shaking in portions with an aqueous solution of 
permanganate (5%, 100 c.c.) at 20°. After 72 hours the diluted reaction mixture 
was clarified with SO, and the aceto:1e distilled off. The aqueous solution was extracted 
with ether and on evaporation of the ether a colorless, glass-like transparent syrup was 


left which could not be crystallised. 

The aqueous solution after ether extraction was acidified and again extracted with 
ether, the extract washed, dried and ether removed when a few needles contaminated 
with oil were obtained. Once crystallised from ethyl acetate it melted at 235°. The 
quantity being very small, further purification could not be undertaken. The product 
is insoluble in aqueous bicarbonate and caustic soda. 


Reaction with 3:5-Dinitrobenzoyl Chloride.—(a). A solution of clerodin {0.2 g.) and 
3:5-dinitrobenzoyl chloride ‘o.2 g.) in anhydrous benzene (2 c.c.) was treated with'pyridine 
(1 c.c.) and heated just to boiling. After aliowing the reaction mixture to stand at 
the room temperature for 48 hours,it was mixed with ether, the ethereal solution washed 
with dilute HCI, dilute caustic soda and a large volume of water in succession, and 


the ether removed when an oily residue was left behind. On crystallisation from 


methyl] alcohol it was found to be unchanged clerodin, m.p. 161°. 


(b) A mixture of clerodin (0.2 g.), 3:5-dinitrobenzoyl chloride ‘o.2g.), dry 


benzene (2 ¢c.c.) and pyridine (1 c.c ) was refluxed for 2 hours. ‘The cooled red mix- 


ture was extracted with ether and on working up the ethereal layer in the way des- 


cribed previously, a red gummy product was obtained. it was taken up in a little 


methanol and on being set aside for slow evaparation deposited colorless crystals con- 
taminated with red sticky matter, during the course of a few days. The colorless 
crystals were picked up and on recrystallisation from methyl alcohol gave colorless 


prisms, m.p. 92°-93° with previous sintering at 85°. Attempts to repeat this experi- 


ment to get this crystalline substance in sufficient quantity for further purification and 
analysis, however, failed as the red sticky ma‘ter with which it invariably remained 
contaminated could not be removed. 

All micro-analyses and micro-determinations were carried out in U. K. 


CHEMICAL LABORATORY, 
G. B. B. CoLLEce, Received July 22, 1950. 
MUZAFFARPUR, BIHAR. 
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ABSORPTION OF ULTRAVIOLET RADIATION BY YEAST 
NUCLEIC ACID SOLUTIONS 


A. R. Guosu anp S. N. MUKHERJEE 


Absorption curves of yeast nucleic acid in the ultraviolet indicate that Beer's law is obeyed by 
the aqueous solutions of the acid at 26004. In presence of bases the maximum absorption peak 
shifts from 2600A to 26504. The process appears to be independent of the nature and valency of the 
cations as also of their concentrations, but appears to be due to the presence of OH’ ions. 


It has been observed (‘‘Advances in Protein Chemistry’, Academic Press, Inc., 
N. Y., 1944, p. 222) that prolonged irradiation of the aqueous solution of sodium 
thymonucleate for a period of about 83 hours brings about some change in the poly- 
merisation of the nucleate, as evidenced by a decrease of the structural viscosity and 
streaming birefringence ‘cf. Hollaender, Greenstein and Jenrette, J. Nat. Cancer Inst., 
1941, 2, 23!. No inorganic phosphorus or ammonia is observed to be liberated which 
goes to show that no primary decomposition of the nucleate takes place on irradiation. 
This is further corroborated by the observation that the absorption curve of the 
nucleate solution at the end of 83 hours’ irradiation is entirely congruent with that of 
the non-irradiated solution kept as'the control. Exactly similar behaviour was exhibited 
by solutions of yeast nucleic acid on ultraviolet irradiation. 

Solutions of both these acids have been observed to exhibit a region of maxi- 
mum absorption at a wave-length of about 2600 &R (Caspersson, Skand. Arch. Physiol., 
1936, 78, suppl. 8); this has been attributed to the pyrimidine and purine compo- 
nents present in the two acids (Caspersson, Naturweiss., 1935, 28, 672), because 
all the purines and pyrimidines present in the two acids (uracil, cytosine, adenine, 
guanine and thymine) exhibit maximum absorption at about 26004 (Heyroth and 
Loufbourow, J. Amer. Chem. Soc., 1931, 58, 3441; 1934, 56,1728). Both thymo- 
and yeast nucleic acids yield aimost identical absorption curves (vide “‘Advances in 
Protein Chemistry’, p. 223). 

In the present investigation an attempt has been made to study the absorption 
curves of yeast nucleic acid at different concentrations of its aqueous solutions in the 
wave-length region from 2200 4 to 3200 A to examine if Beer’s law is applicable at any 
wave-length within it. Incidentally it was also observed as to how the absorption curve 
changed with the addition of alkali. 


EXPERIMENTAL 


Yeast nucleic acid (B. D. H. preparation) was purified by the method of Bun- 
genberg de Jong (Koll.-Chem. Beth., 1938, 417, 254). The purity of the specimen 
was ascertained from absence of phosphates and proteins and by estimations“of nitrogen, 
phosphorus and moisture which were as follows : 

Nitrogen (Kjeldahl’s method), 15.01% ‘mean of 3 determinations) ; phosphorus (by 
conversion into phosphate by reflux with conc. KOH solution for 6 hours and preci- 
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pitation with NH,- molybdate), 8:93% ‘mean of 3 determinations) ; moisture (drying at 
105° for 12 hours), 11.02% (mean of 2 determinations). 

The N/P ratio was found to be 1.68 which compared favourably with the values 
obtained previously in this laboratory for other samples of the same substance (cf. 
Mukherjee and Sarkar, this Journal, 1947, 24, 63). 

About 2g. of the powdery acid was taken in a clean Jena bottle with a litre of 
equilibrium water (sp. cond.=2x10~* mho at 35°), previously sterilised by prolonged 
boiling and the mixture shaken in a mechanical shaker for about 5 hours. The acid 
became dispersed in water and the suspension was allowed to stand overnight when 
bigger particles settled down. The solution was then filtered twice througha well 
cleaned sintered bed filter (No. 4) and the clear liquid, slightly yellowish in colour and 
quite transparent, was stored under a layer of pure toluene in a refrigerator at about 
4°. Only small volumes of this were taken out at a time for each day’s experiment. 
The solution so prepared was used up to the roth day and was discarded on the 11th 
day, because Mukherjee and Sarkar (loc. cit.) observed that the solutions did not 
undergo any change in specific conductance, ps values and cataphoretic velocity up 
to the 15th day, counting from the day of preparation. 

To ascertain whether the concentration of the solution of yeast nucleic acid would 
change with time, and also whether the different samples of solutions prepared 
on different occasions would have comparable properties, the absorptions of these solu- 
tions at suitabie dilutions were studied from time to time. The results will be understood 
from the following table where the percentage transmissions of three different solutions, 
each diluted roo times, have been presented at three only out of 17 different wave-lengths 
studied for each dilution for economy of space. ‘The values of wave-lengths are given 
in millimicrons (Imuz=107‘cm.). 


TABLE I 
. @)1832 @ umes fie o 
Wave-length. Soln. A (dil.). Soln. B (dil.). Soln. C (dil.). 
1st day. 1oth day. st day. roth day. 1st day loth day. 
320 mu 98.5 098.1 98.2 98.8 97-9 98.6 
260 14 14.8 14.8 14.8 14 14.6 
220 29 28.8 29.8 29.9 29 30.8 


it will be seen that the optical absorption remains reasonably constant at all the 
wave-lengths studied. Hence, it can be sufely assumed that the concentrations of solu- 
tions do not change with time within the period of investigation and that the repro- 
ducibility of the solutions is satisfactory. 

Concentration of the solution, so prepared, was ascertained by precipitating the 
acid out of a known volume of the solution by alcohol at 0°. The precipitate was filtered 
through a weighed Gooch crucible and the filtrate was again treated with alcohol when 
a small quantity of the precipitate again appeared. This precipitate was collected on the 
Gooch, the process of precipitation repeated twice and the still smaller amounts of the 
precipitate that appeared were taken. The alcohol was then driven out from the precipi- 
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tate by allowing it to stand for some time at room temperature (30°). Final concentration 
was calculated after making allowance for the moisture content of 11%. The concen- 
tration of the solutions thus determined came out to be o.5 g./litre. 


Reagents used were of ‘pro-analysi’ or ‘Analar’ quality. The equilibrium water 
used was always sterilised by prolonged boiling. Contaminations from outside, specially 
dust particles, were avoided as far as possible by scrupulous cleanliness. Solutions 
of the bases used were standardised by titration with a standard succinic acid solution 
of ‘pro analysi’ quality of E. Merck and these alkali solutions were preserved in an 
automatic self-filling burette. Access of CO, from air was prevented by a soda lime 
guard tube attached to the burette. The baryta and the calcium hydroxide solutions 
used herein were almost saturated, their concentrations being 0.226 N and 0.0421N 
respectively. Thus higher concentrations of these two bases could not be used as in 
the cases of sodium and potassium hydroxides. 

A Beckman quartz spectrophotometer * fitted with a hydrogen discharge tube was 
used for absorption measurements in the ultraviolet region. The absorption vessels 
were made of quartz and had equal stratum thickness (1-oor cm. and 0.997 cm. 


respectively). 


Fig. 1 
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*This spectrophotometer was very kindly lent to this laboratory by the Bengal Immunity Research 
Institute, Calcutta for which our grateful thanks are due to its Director. 
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Absorption of nucleic acid solutions of different concentrations in absence of bases 
was measured in comparison with that of water as the standard, while in the presence 
of bases the standard used was the solution of the bases itself having concentration equal 
to that in the mixture Solutions of cach of the bases were also compared with 
water as regards the optical absorption. 


DISCUSSION 


The absorption curves at different concentrations of yeast nucleic acid solutions 
have been shown in Fig. 1 by plotting the optical density (log J./I where I, is the 
intensity of the incident radiation, and J that of the transmitted radiation) against A, the 
wave-length. - ‘he curves show one maximum at 26004 and one minimum at 23008 
within the region of 3200—- 22004. The higher the concentration of the solution, the more 
prominent do the maxima and minima become. Beyond 32004 there is very little 
absorption and all the curves run almost flat. At wave-length lower than 23004, the 
curves again show a tendency to rise. 

The next point examined was whether Beer’s law was applicable to the system. 
Fig. 2 This point has been clarified by plotting 

the optical density log I./J at 26004 

against concentration in Fig. 2 wherefrom 
L it will be seen that the plot is linear. 
~ Beer's law is therefore applicable in this 
a region. It has also been incidentally 
8 observed that log J,/I at minima at 23004 
1.0 also conforms to Beer’s law. At other regions 
‘ Beer’s law does not appear to hold so 





‘ee a. ws accurately. 





0 50 100 150 200 To test the point further, the values of 

Conc. (g x 10~*) the extinction coefficients were calcultated 

for the absorption peaks at 26004. It is well known that the optical density is related 
to extinction coefficient by the equation 


logiol./I = ¢.c.d, 


where c stands for the concentration in g./litre, d for the stratum thickness in cm. 
and « for the extinction coefficient per unit concentration (1 g.). Assuming the 
molecular weight of the acid to be that of the tetranucieotide unit, which is represented 
by the formula C,,H,,0.,.N,;P,, the molecular extinction coefficient E can be calculated 
from the formula E=Mxe, M being the molecular weight. The following table 


shows the results of such calculation. 
TABLE II 


Cone I at 26004 Cone. I at 2600A 
(g./litre) comparedto Log /,/I. E. fg./litre) compared to Log /,/I. E 
1,=100. 1, =100. 
2 * 10°? 0.05 3-3 214,995 0.5* 107? 14.6 0.8356 217,757 
1.56 0.3 2.523 210,735 0.25 38.0 0.4202 219,008 
1.39 0.5 2.30 215,604 0.167 51.9 0.2848 222,212 
1.25 1.0 208,480 0.125 62.1 0.2069 215,672 


2.00 
1.0 2.3 1.6383 213.470 0.05 82.7 0.0825 214,995 
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The values are reasonably constant, thus proving the validity of Beer’s law beyond 
all doubts. Holiday (Biochem. J., 1930, 24, 619) observed that ultraviolet absorption 
by purines also obeyed Beer's law. Thus apparently the absorption by yeast nucleic 
acid and that by the purines might be related together. 

The validity of Beer’s law will thus serve one useful purpose. {t will do away 
with the necessity of the analytical method for the determination of the concentration 
of yeast nucleic acid solution by estimation of nitrogen or phosphorus, both of which are 
tedious and susceptible to greater experimental inaccuracies. Instead, it will serve to 
supply a physical method for an accurate estimation. This was further examined by 
estimating the concentration of two samples of yeast nucleic acid solutions both by 
alcohol precipitation method and extinction coefficient method and an _ excellent 
agreement was obtained as shown in ‘Table III. 


TasLe Il 


Concentration by alcohol pptn. (g. /litre) a rae wes 0.0194 0.0120 


Concentration by extinction coefficient (g./litre) we wes 0.02 0.0125 


This finding thus serves to solve a standing difficulty so long experienced in 
determining the concentration of yeast nucleic acid solutions. 

‘The absorption curves in presence of bases have been shown by graphical represen- 
tation of two typical cases in Figures 3 and 4. It will be observed herein that although 
the curves are qualitatively similar there are some important points of difference. Both 
the maxima (‘at 2600 4} and the minima (2300 R) have shifted to longer wave-lengths 
by 50 & units and while the minima have been raised a little, the maxima have been 


depressed. 
TaBLe IV 
Transmission in solution with 

bo =. NaOH KOH Ba (OH), Ca (OH), 
| = ~~ ern ~~r~n ~m— 

3 oo IN. 0.00 1N. IN. 0.00 1N. 0.2N. 0.001N. 0.04N. 0.00 IN. 
> i=} 

Ss —_— ! 
2 aS 

20m 9 99-3 99:5 98.6 99-2 99.8 99.6 99.0 98.9 
1 ‘ Be 99-1 97.8 98.8 98.7 98.8 98.0 98 1 98.0 
300 06.1 95-5 95-4 94-3 96.1 96.0 96.0 95.0 95-4 
290 84.0 86.0 86.2 84.2 85.8 86.0 85.5 84.3 85.0 
280 61.7 62.5 62.6 60.7 61.7 620 60.9 60.5 62.0 
270 44.0 45.9 46.0 43-1 45-6 44-5 43-0 43-9 44:9 
265 39.8 42.8 43.1 41.2 42.1 41.8 41.1 41.8 22 
260 380 43-2 44-3 44.2 43.0 42.0 2.5 2.9 128 
255 39.0 46.1 47-1 45-3 46.4 44-9 46.0 15-8 45-1 
250 2.5 §0.3 50.6 48.4 50.0 48 8 592 50.2 49.1 
245 481 54-5 55-1 53-0 54-7 53-1 54.2 54:8 53-6 
240 558 57-6 58.0 57.0 57:8 56.5 571 57:8 56.8 
235 62.5 58.1 58.5 57-6 58.4 57.2 58.0 58.0 57-7. 
230 67 0 53:8 54-7 53-1 54-0 53-5 53-2 52.2 54-2 
225 65.8 44.0 44-4 42.3 44-2 44-9 42.8 42-7 44.1 
220 55:6 33-8 34-7 33-5 335 34-2 32.2 32.2 34-5 
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All the bases used herein behave exactly similarly irrespective of their nature and 
concentration as will be evident from Table IV, down to a concentration of 0.001 N of 
the bases and to a 1.25x10~* solution of the acid (pu of the mixture being 6.7). 
In the table the transmission (i. e., the values of 7) have been presented from the 
extreme concentrations of the different bases used. 

A graphical representation of the above will show that the height of the peaks or 
the depth of the minima appears to be independent of everything else excepting the 
concentration of the yeast nucleic acid solution itself. 
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Absorption of sodium yeast nucleate solutions has also been studied ; the curves 
exhibit well defined maximum and minimum values of absorption at 26004 and 
23004 respectively. Beer's law is also found to be valid in this system. In Fig. 3 
(and inset) the absorption curves for two solutions of Na-yeast nucleate at two 
different concentrations out of the several solutions studied have been shown. ‘The molar 
extinction coefficient has been calculated assuming the molecule of sodium yeast 
nucleate to be represented by CssH,;O.oN,;P,Na, (formed by replacement of four H 
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atoms of yeast nucleic acid by four sodium atoms). The values of molar extinction 
coefficients for solutions of different concentrations are fairly constant. The molar 
extinction coefficient of yeast nucleic acid was found to be 215,000 (vide supra), while 
that for the sodium salt, as calculated above, lies near about 35,000. Therefore, 
concentrations remaining the same, the sodium nucleate solutions should be more 
transparent than nucleic acid solutions, as could be seen even visually. 

Heyroth and Loufbourow calculated the molar extinction coefficient of thymus 
nucleic acid solution from a summation of the values of molar extinction coefficients of 
the individul purine and pyrimidine compgunds (J. Amer. Chem. Soc., 1934, 56, 1734). 
Their value comes out to be 37,000 nearly. While our value for the yeast nucleic acid 
differs completely from that of Heyroth and Loufbourow for thymonucleic acid the latter 
agrees with our value for the sodium salt. 

This frequency shift in the absorption peak in the presence of bases may be due 
to one or other following probable causes: 

1. Hydrolytic decomposition of the acid in presence of bases. 

2. Formation of the corresponding salts. 

3. Any other cause affecting the constitution. 

It is unlikely that the first of these factors is in amy way responsible for this 
phenomenon in as much as hydrolysis of the nucleic acid is brought about by moderately 
concentrated solutions of bases at higher temperatures or on prolonged interaction at 
ordinary temperatures. Dilute solutions of bases appear to have little effect. Even 
if slight hydrolysis of the acid be effected at low concentrations of the bases,as used 
herein, nucleotides, nucleosides or at best purines may be liberated, and since the 
absorption of yeast nucleic acid is ultimately attributed to the purines (cf. Heyroth and 
Loufbourow, loc. cit.) and not to the phosphoric acid or sugars which might be formed 
but which have no absorption maxima at 2600 A, it is unlikely that mere hydrolysis of 
the acid can bring about any frequency shift unless some other processes proceed simul- 
taneously along with it. 

The responsibility of the process of salt formation is also ruled out by a close study 
of absorption by sodium yeast nucleate solutions. The absorption peak in this case 
Loo coincides exactly with 26004 as shown in Fig. 3 (and inset) where absorption curves 
of the acid in presence and absence of alkali as well as of the sodium nucleate solutions 
have been presented. This suggests that mere neutralisation of the acid is not likely 
to be responsible for the frequency shift. 

The only alternative left, to which the responsibility for this phenomenon may be 
attributed, is the third factor, viz., some intrinsic change in the constitution of the acid. 
Again, since the phenomenon does not appear to depend on the nature and valency of the 
cations but occurs with all the bases alike, it is suggestive of that the OH’ ions, which 
constitute the only common factor, might be responsible in this case. This is in a way 
borne out by the fact that salts of the same cations, like NaCl, KCl, BaCl, and CaCl, 
cannot bring about this frequency shift. 

The exact role of OH’ ions is not quiteclear. Holiday (loc. cit.) found that in the 
case of several purines (adenine, caeffine, etc.) increase of pu to the alkaline side 
caused the region of maximum ultraviolet absorption of the purines to be shifted through 
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30K towards longer wave-lengths. The experience of Loufbourow et al. (J. Amer. Chem. 
Soc., 1943, 66, 148) has been similar in the case of uracil. These workers have attempted 
to explain the phenomenon by lactim-lactam tautomerism of the purines. In the 
present investigation too, it has been found that with tne addition of alkali, if the pu 
goes above 7, then only the characteristic frequency shift is observed. Presence of OH’ ions 
thus causes some change in the purines to which can be attributed the responsibility of 
the frequency shift. Further work is necessary to clirify the point and this is in 
progress. 

The energy change involved per mole in the process of frequency shift from 26004 
to 26504 can be calculated from the formula 


OE = N.h. &v 


all the quantities involved having their usual significance. The value comes out to be 
2.067 kilo cals. per mole. ‘The energy change involved is thus quite small compared 
to those in a true chemical process, where breakdown of some orthodox valence bond 


occurs. 
Another point should deserve mention. It is known that nucleic acid molecules 
are deaggregated on dilution ‘Mukherjee and Sarkar, loc. cit.). Since Beer’s law is 


valid in the region of maximum absorption, it appears that depolymerisation itself 
has no effect on ultraviolet absorption. ‘This in a way is suggestive of the view 
accepted by a class of workers (vide Pauli and Valko, ‘‘ Electrochemie der Kolloide’’, 
1929) that the aggregation in such cases occurs by Van der Waal’s forces. 

The authors’ best thanks are due to Prof. H L.Roy, Dr. Ing., for his interest in 
this piece of work. 


PuysiIcal CHEMISTRY LABORATORY, 
COLLEGE OF ENGINEERING & TECHNOLOGY, Received September 1, 1950. 
JADAVPUR, CALCUTTA-32. 














(Jour. Indian Chem. Soc., Vol, 28, No. 6, 1951] 


THE REACTION OF BROMINE WITH THIOCARBAMIDE. 
CONSTITUTION OF FORMAMIDINE DISULPHIDE 


By R. H. SAHASRABUDHEY 


Bromine reacts in an indifferent solvent medium with thiocarbamide or its oxidation product, the 
‘formamidine disulphide’ (hydrobromide) forming the same bromine addition product which is not a 
‘perbromide’ but has both its bromines held probably with singlet links. From the properties of this 
compound it is suggested that the so-called ‘formamidine disulphide’ is not a true ‘disulphide’ but 
is derived from a single thiocarbamide molecule. The structural possibilities of such a compound are 


pointed out. 


The reaction of bromine with thiocarbamide has been studied by Claus (Annalen, 
1875, 179, 135), McGowan (J. Chem. Soc., 1887, 51, 378), and Hunter and Jones 
(ibid., 1930, 2197, 2211). Claus used an alcoholic medium and obtained a colorless 
product which he called dithiocarbamide dibromide ‘I). Identity of his product with 
Storch’s base (Monatsh, 1890, 11, 452), the so-called formamidine disulphide (II ; 
Werner, J. Chem. Soc., 1912, 101, 2166, 2180 ; Fichter and Wenk, Ber., 1912, 45 1374), 
came to be recognised later. 

NH, NH, 


| | 
Rena ar Were [H,N.C (: NH) S-S (HN:) C. NH, ], 2 HBr 


! 
NH, NH, 
(I) (IT) 


Hunter and Jones (loc. cit.), who used a carbon disulphide medium for the reaction, 
reported formation of an unstable, ill defined, red ‘perbromide’ (III), which decomposed 
into HBr and a product ‘““CSN,H;Br’’ identical with Claus’ compound : 


(III) (IV) 


These authors do not appear to have investigated in any detail the nature of their 
‘perbromide’ nor did they sugges! any cxplanation for the apparent difference in the 
composition of their compound (IV) with that of (I). 

The present investigation has shown that in an inert solvent medium the thiocarb- 
amide or its oxidation product, the “formamidine disulphide’’ hydrobromide, interacts 
with bromine forming the same product, a weil defined bromine-addition compound, 
the ‘perbromide’ of Hunter and Jones (loc. cit.). 


2 Br, Bro 


2 CSN.H, —> 2 CSN.H,Br, <— [CSN.H, ]., Br. 


Thiocarbamide Bromine-addition Formamidine disulphide 
product. bydrobromide. 
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The ‘red’ colour of the compound and its unstable nature led Hunter and Jones to 
suggest by analogy with the well known derivatives, which Hunter et al. obtained from 
aromatic thiocarbamides, a perbromide constitution for it. The compound, however, 
shows considerable departures from a typical perbromide e. g., 

(i) It is too unstable as compared to perbromides generally, and particularly those 
from aromatic thiocarbamides. 

(ii) It is extraordinarily sensitive to moisture and almost instantaneously reacts 
with water discharging its colour. 


(ii) It cannot be used as a brominating agent, but the labile bromine atoms 
always react with the thiocarbamide residue itself. 


(iv) It is not soluble to any considerable extent in organic solvents or water. If 
it had a hydroperbromide structure, in view of its saline character and the easy solubility 
of thiocarbamide and formamidine disulphide salts, it would have been sensibly soluble 
in these solvents, and above all, , 

(v) Under certain well defined conditions it liberates two equivalents of iodine from 
aqueous potassium iodide suggesting thereby that both the bromines are labile. 

In view of these facts and the considerations that (1) aromatic thiocarbamides 
react with bromine in an inert solvent medium forming arylaminothiazoles, which are 
derived from single molecules of thiocarbamides, (2) no disulphide formation is known 
from aromatic thiocarbamides (this Journal, 1945, 22, 37) and (3) Dixon has shown 
(J. Chem. Soc., 1912, 101, 2515, et seq.) that when alkyl and acyl halides react with 
thiocarbamide, the initial reaction in all cases takes place at the sulphur atom but, 
subsequently the halogen is dislodged as an anion and in many cases the alkyl or acyl 
residue migrates on to nitrogen, especially, when it is a negative group like CH;.C0, 
etc., the following mechanism of bromine addition is suggested as the most 


probable : 
Bi 


H.N. C. NH,+Br, —> H,N.C. NH, — [av.cexe, Br- 
: s s 
JN 
Br Br 
(V) 

The hydrobromide ‘V) has apparently one of its bromines as au anion, while the 
other is held co-valently by nitrogen. Since, however, both these atoms by themselves 
are identical in every respect, there is little reason to suppose that their links with 
thiocarbamide molecule can be so sharply differentiated. In other words, there would be 
resonance between the above two types of bonds and the actual state may be represented 


as (VIa) or (VIb) 


Br Br Br 
H,N—C—NH, H,N—C—NH, 
| - ll : 
S S Br 


(VJa) (VIb) 
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where both the bromine atoms are held by singlet links and are identically situated with 
respect to the thiocarbamide moijecule. The extraordinary reactivity of the bromine 
atoms and the colour of the compound find an casy explanation on this view of the 
structure of the bromine-addition product. 

In an aqueous medium the compound has been shown to decompose into HBr and 
formainidine disulphide hydrobromide. ‘This change can be represented either by 
equation (i) or (ii) as shown below : 


ionising media 





I 
S 
(VII) 
ionising media 
2 CSN.H,Br; —— 2 Br+[H.N.C.S.S.C. NH,],2 HBr ... (ii) 
i] | 
NH NH 
Formamidine disulphide 
hydrobromide. 


the atomic bromine liberated in both the cases oxidises further a part of the formamidine 
disulphide and formS HBr. 

The formamidine disulphide is believed to have a disulphide constitution (II). 
But certain reactions of this ‘disulphide’, notably, (a) its capacity to liberate iodine from 
aqueous potassium iodide solution (Werner, J. Chem. Soc., 1912, 101, 2166), (b) its 
reversible oxidation-reduction equilibrium with thiocarbamide (Werner, loc. cit.) and 
(c) the imperfectly anionic nature of the negative radicals of its salts (vide experitmental) 
cannot be explained on this accepted view of its structure. It is now suggested that its 
true structure consists of a single thiocarbamide molecule which has lost an electron 
and co-ordinated a negative acid radical (like Cl~, Br~ or NO;~ depending on which of 
these last is available). It can most probably be represented as VIII, VJIIa and VIIIb: 





H,N.C. NH, Saal H,N.C. NH, 1+ ™ H.N.C. NH; |* ‘. 
y acid medium i jx ; i ;-X ; 
Ss say, HX. Ss S j 
(VIII) (yIIIa) | H.N.C.NH, | 
il oe 
L S J 
(VIIIb) 


The structure (VIII) shows a thiocarbamide molecule which has lost an electron and 
is consequently positively charged ; X is any anion which is linked to the positive thiocarb- 
amide residue by a co-ordinate link. Structure (VIIla) shows the thiocarbamide as a 
cationic free radical akin to Weitz’s compounds (Ber., 1926, 59, 2307) with X as its anion, 
while structure (VIIIb) has the X joined to thiocarbamide residue by a singlet link. It 
is not possible to explain the behaviour of the ‘formamidine disulphide’ on the 
hitherto accepted disulphide structure, or any of these constitutions considered singly. 
Most probably it has a resonance structure to which (VIII), (VIIla) and (VIIIb) 
contribute. This question is being discussed separately. 


rs 2) 
4—17777P- 6 
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EXPERIMENTAL 


Action of Bromine with Thiocarbamide in CHCl,, CCl, or CS,.—Finely powdered 
thiocarbamide (3.8 g.) was suspended in the dry solvent (50 c.c.) and bromine (8.5 g., little 
over two atomic proportions), dissolved in a few c.c. of the same solvent, was added 
gradually with shaking. The mixture warmed upa little and assumed an orange-red 
colour. It was allowed to stand overnight and the precipitate filtered ; a deep red or 


orange product was obtained. This was dried for sometime in an oven at 45°-50 
over solid caustic soda until free from 


and then kept in a vacuum desiccator 
A yellow powder which fumed 


adsorbed bromine (negative starch iodide paper test). 
copiously in moist air (recalling the behaviour of PCI,) giving out hydrobromic acid 
vapours (but no free bromine) was obtained. This is the bromine-addition compound. 
(Found : Br, 67.50, 67.20. CSN.H,Br, requries Br, 67.79 per cent). 

When carefully heated in a capillary it did not show any perceptible change up 
to 125°-130°, but by the time temperature had reiched 140° copious evolution of HBr 
‘but no bromine) sta:ted. The compound softened at 170°-175° and finally melted 
at 180° (decomp.). Even in presence of a large excess of bromine the same product 
was obtained. The remarkable constancy of its composition and its marked thermo- 
stability leave little doubt about its being a well defined compound and not a mixture 
or an adsorption compound. 

The Behaviour of the Bromine-addition Compound towards Water.—The bromine- 
addition product is extremely sensitive to moisture. If left in an open watch-glass 
it continues to evolve HBr fumes until finally it has lost all its colour. In two experi- 
ments this toss has been estimated to be 32.46% and 33.1% which, considering the very 
unstable nature of the compound, is in fair agreement with the change : 

H,0 
CSN.H,Br.——> CSN,H,Br + HBr 
which requires 34.3%. 

When treated with a small quantity of water or rectified spirit, the yellow colour 
is at once discharged and a crystalline product is obtained along with the formation of 
hydrobromic acid. Weighed quantities of the compound thus treated were titrated 
with V/10- sodium hydroxide using phenolphthalein as an indicator : 

a) 0.3024 g. dissolved in 100 c.c. water requires 25.-5 c.c. corresponding to 67.6% 
HBr ; ‘b) 0.2360 g. treated as above requires 19.6 c.c. which corresponds to 67.25% 
HBr. This indicates that both the bromines form HBr by hydrolysis. 

It was, however, noted that if very concentrated solutions of the bromine-addition 
compound in water were titrated with strong sodium hydroxide solution, the quantity 
of alkali needed fell short of the above estimate : 


{a} 1.930 g. taken with ro c.c. water requires 6.00 c.c. of 2.4 N-NaOQH which 
corresponds to 60.4% HBr. 

(b) 1.2844 g. treated as above requires 4.30 c.c. NaOH corresponding to65% HBr. 

{c) 4.4870 g. im Io-1§ c.c. alcohol requires 4.65 c¢.c. alkali which amounts to 


60,8% HBr. 
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From these results it is clear that under the conditions obtaining in these experi- 
ments all the bromine of the compound is not converted into HBr as happens in more 
dilute solutions. According to Werner (loc. cit.) (CSN,H,i,1, exists in two modifica- 
tions : one as hydriodide and other as co-valently held iodine compound. 

Behaviour of the Bromine-addition Compound towards Aqueous Potassium Iodide.— 
The bromine-addition compound liberates iodine from aqueous potassium iodide solu- 
tions. Toasmall measured quantity of water excess of potassium iodide was added so 
as to leave enough salt undissolved ; to this was added a known quantity of the bromine 
derivative, when iodine was at once liberated. Jt was estimated as usual with a normal 
solution of thiosulphate. 


TABLE I 
Conc. of bromine derivative 
I 2 3 4 5 6 
Expt.No Weight. Volume of KI Thiosul- Thiosulphate required for 
water. added phate. 2.36g. (1/100th mole) of 
bromine derivative as calc 
from columns 2 & 5). 
I 2.0452 g. 5 et. Excess till 11,5? C.c, 13.29 
solid was left 
2 0.6294 10 Do 4.28 16.05 
3 0.4642 ™ Do 3.24 15.40 
4 0.2634 - Do 1.87 16.75 
5 0.1016 ‘- Do 0.77 17.88 
6 2.1876 15 (alcohol) Do 12.00 12.95 
7 2.2296 300 7-8 g. 7.78 8.23 
8 1.1872 400 Do 4.41 8.76 


Experiment 5, where the proportion of potassium iodide is highest with respect to 
the bromine-addition compound, shows maximum iodine liberation which corresponds 
almost to 90% of the theoretically expected (20 c.c of N-thiosulphate). Smaller quantities 
of iodine liberated in other experiments are undoubtedly due to the utilisation of a part 
of the bromine for the oxidation of thiocarbamide itself (McGowan, loc. cit.). In 
experiments 7 and 8 the quantity liberated is less than even on® atomic proportion, 
[his can most probabiy be explained as follows. 


ioniser 
(iz} KI+ Br———> KBr+I 


the bromine of the “‘formamdine disulphide’’ sait formed in (i) being incapable of oxidis- 
ing KI under the conditions obtaining in these experiments (cf. Werner, loc. cit. 
Werner and Reynolds, J. Chem. Soc., 1903, 83, 7). ‘This will be discussed iu a separate 
communication. 

Identity of the Hydrobromide (1V) with Formamidine Disulphide Hydrobromide.— 
The bromine-addition compound was treated with a small quantity of water and the 


vw 
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hydrobromide (IV) formed was filtered and purified by crystallisation from water o1 
alcohol. By treating its aqueous solutions with appropriate acids nitrate, chloride and 
picrate were prepared : Nitrate, m.p. 82-85° or 1r40°(d); Picrate, m.p. 154° or 
164° ‘d) ; HydrochlOride, m. p. 185-190° (d). 

The exhibition of two melting points (either one or the other) by the nitrate 
and the picrate are undoubtedly due to their dimorphism (Proc. Indian Sci. Cong., 
1948, Part III, p. 25). The same salts were prepared from “formamidine disulphide”’ 
by Werner's procedure (loc. cit.). They also showed the same melting points as 
recorded above. Mixed melting point of the corresponding compounds showed no 
depression. 

Preparation of the Bromine-addilion Compound from ‘Formamidine Disulphide’ 
Hydrobromide.—A pure crystalline sample of the ‘‘formamidine disulphide’’ hydro- 
bromide was triturated in a glass mortar with excess of bromine in chloroform. A 
yellow product, identical in ali respects with the bromine-addition compound, directly 
formed from thiocarbamide and bromine, was obtained. 
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STUDIES ON THE ADSORPTION FROM NON-AQUEOUS 
SOLVENTS. PART I 


By A. C. CHATTERJI AND R. D. SRIVASTAVA 


The adsorption of benz ic, o-nitrobenzoic and phthalic acids at different concentrations from various 
non-aqueous solvents has been studied and the relation between the adsorption of solutes and the 
molecular properties of the solvents such as polarity, solubility and dipole moment has been discussed. 


From the survey of literature it is revealed that much work has not been done on 
the adsorpticn of solutes from non-aqueous solvents. ‘The important contributions on 
the subject are those of Freundlich (7. physikal. Chem., 1906, 57, 385), Firth (Trans. 
Faraday Soc., 1921, 16, 434), Ostwald and Izaguirre (Nolloid Z., 1922, 30, 279), Patrik 
and Jones ‘J. Phys. Chem., 1925, 29, 1), Alekseevskii ‘J. Russ. PI 


rys. Chem. 
Soc., 1427, 59, 1033), Heyne and Polyanyi (7. physikal. Chem., 1928. 182, 384), 


=7 
Nekrassov (ibid., 1928, 186, 18), Mc.Kelvey (J. Phys. Chem., 1928, 82, 1522), Trividic 
(Compt. rend., 1928, 186, 865', Heymann and Boye ‘Naturwiss., 1930, 18, 157; 
Z. physikal. Chem., 1930, 150, 219), Berger ‘Rec. trav. chim., 1931, 50, 377), 
Ockrend (J. Chem. Soc., 1932, 613), Ermolenko and Ginzburg (Colloid J., UV. S. S. R., 
1939, 5, 263), Ermolenko and Bokhvala (Acta Phys. Chem., U. S. S. R., 1940, 
13, 839), Papps and Othmer (/nd. Eng. Chem., 1934, 36, 430), and others. 
These authors have mainly studied the adsorption of various organic acids and iodine 
from non-aqueous solvents using different adsorbents and have not used any non-polar 
substance. Hence, they could not give a definite relationship between the nature of the 
solvents and the polarity of the solutes as regards adsorption. In the persent work 
an attempt has been made to correlate the nature of the solute and the solvent with the 
amount of the solute adsorbed by the adsorbent and hence different combiuations of 
polar and non-polar acids have been taken. In this paper solutes are polar acids ; the 
solvents taken are both polar and non-polar. The amounts of these acids adsorbed 


by animal charcoal have been determined 


EXPERIMENTAL 


All chemicals used were from B.D. H. The solvents were purified by standard 
methods and solutes were recrystallised and diied. Animal charcoal used was chemically 
pure and was free from phosphate and chloride. It was sieved through mesh 3600/sq. 
cm. It was used after drying at 11, 

Solutions of known concentrations were prepared and 10 c.c. of these solutions 
were taken in test tubes with constriction at the neck containing 0.5 g. of animal charcoal. 
The necks were then immidiately sealed. ‘These sealed test tubes were put in a shaker 
fitted in an air thermostat and shaken for twenty four hours at a constant tempera- 
ture and then the tubes were broken at the neck and the coutents were ceutrifiuged to 
allow the charcoal tosettle. Known quantities of the supernatant solution were then 
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quickly analysed by titrating with standard carbonate-free bariam hydroxide solution 
using phenolphthalein as the indicator. By subtracting the values of equilibrium 
concentration from the values of the original concentration, adsorption was calculated 
and recorded in muillimoles/litre. ‘The values of the amount adsorbed at 0.5 conceutra- 
tion along with the values of dipole moment (Trans. Faraday Soc., 1934, 30, appendix), 
dielectric constant (Landolt Bornstein ‘‘I'abellen’’) and solubilities (Seidell, ‘‘Solubility 
of Organic Compounds’’, Vol. II, 1941) obtained from the tables are given in Table | 
and in the other tables adsorption only is given. The physical properties at othe: 
concentrations have not been given as the solvents used are the same as in ‘I'able 1. 


TABLE I 
Solvent. Dielectric Dipole Benzoic acid o-Nitrobenzoic Phthalic acid 
constant moment acid 
(e. s. u.) (Debye * Solu- Adsorp- *Solu- Adsorp- * Solu- Adsorp- 
units). bility. tion. bility. tion. bility tion. 
CCl 2.21 o 0.0593 103.0 —_ ~ ie -_ 
Benzene 2.27 Oo 0.0819 65.9 a _ = rn 
Toluene 2.34 0.37 0.0855 53-7 _ _ _ _ 
o-Xylene 2.58 at 17° 0 60 — 83.5 = _ _— — 
m-Xylene 2.35 0.40 0.0889 45.0 _— _— _ _— 
MeOH 320 1.68 0.1689 51.3 56.6 69 4 5.125 68.4 
EtOH 25.0 1.70 0.1882 51.0 30-4 88.1 4.265 70.9 
n-PrOH 22.0 1.70 0.1810 49.8 21.5 98.9 2.732 140.7 
n-BuOH 19,2 1.70 0.1968 49.6 10.7 112.2 2.231 144.6 
Acetone 21.0 2.9 0.2141 42.3 — 73.0 2.896 955 
Chlorobenzene 11.0 1.56 0.1047 = 38.2 _ — _ ~~ 
Nitrobenzene 36.0 4.23 0.1081 29.9 _ — a = 


. Solubility of benzoic acid and phthalic acid isin g. moles of acid per 1.0 g. mol. sat. solution 
and of o-nitrobenzoic acid in g. per 100 g. of solvent 


TABLE il 


Temp. = 30°. 


Solvent. Adsorption of benzoic acid in m. moles/litre at concentration 
0.6. 0.55: 0.4. 0.3. 0.2. 0.1. 

CCCl;y 1150 109.5 87.5 73:5 56.0 36.5 
Benzene 72.5 _ 59-5 2.5 43-5 32.0 
Toluene 57-5 — 47-2 40.2 32.0 21.6 
o-Xylene 93-5 a 72.5 62.5 49.0 33.0 
m-Xylene 48.5 — 4i.l 36.0 29.6 21.5 
Met H 56.5 53-3 46.0 39.1 31.2 21.5 
EtOH 56.2 53-6 49.1 39.0 31.0 21.4 
n-PrOH 55.9 53-1 46.0 38.7 30.8 _ 

n-BuOH 55:7 53-0 45.8 38.6 30.7 20.9 
Acetone 46.0 44-6 38.7 34.0 28.2 21.1 
Chlorobenzene 41.4 40.0 349 31.0 26.5 20.0 


24.2 22.3 19.1 a 


Nitrobenzene 331 31.3 
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Temp. = 30°. 
Solvent. Adsorption of o-nitrobenzoic acid in m. moles/litre at conc. 
0.4. 0.3. 0.2. O.1. 0.05. 
Methy! alcohol 60.3 50.0 39-4 26.8 20.4 
Ethyl alcohol 75:3 61.7 46.4 30.3 216 
n-Propy] alcohol 85.9 70.7 53-5 31.2 22.2 
Acetone 61.1 48.3 34.7 27.0 I 
n-Butyl alcohol 96.8 78.5 58.3 34.4 4.5 
TABLE IV 
Temp. =:0°. 
Solvent. Adsorption of phthalic acid in m. moles/litre at conc 
0.4 0.3. 0.2. oO! 0.05 
Methy! alcohol 59.2 49.0 37-9 25.2 9.6 
Ethyl! alcohol 59-0 48.c 34.5 26.8 2¢.8 
n-Propy! alcohol 118.5 93-7 64.9 349 23.7 
n-Butyl alcohol 121.5 95-9 65.8 36.1 24.9 
Acetone 85.4 69.1 46.5 32-3 =2.8 


DISCUSSION 


The solvents taken here have been divided into three groups: (1) group of 
substances having no dipole moment; (2) group of alcohols of the same homologous 
series and (3) group including acetone and substituted benzenes (highly polar) 

The adsorption will be considered here from the view point of polarity, solubility 
and dipole moment. 

Most direct evidence of polarity is the dielectric constant. The magnitude of this 
constant indicates the moment of the polar groups within the liquids or the displacement 
of the electrons or both. So, for polarity dielectric constant will be considered. It is 
found from the data that adsorption of benzoic acid in Gr. (1) decreases with increasing 
dielectric constant, i.e. polarity of the solvent; in Gr. (2) it is nearly constant, and in Gr. 
(3), leaving chlorobenzene, it decreases with increasing dielectric constant, i.e. polarity. 

The adsorption of o-nitrobenzoic acid and plithalic acid decreases with increasing 
polarity of the solvent (acetone alone is an exception; 

From the solubility data it is seen that as solubility of the solute in the solvent 
increases, adsorption becomes less and less which means that a reciprocal relation exists 
between solubility and adsorption. The rule is obeyed by groups (1)and ‘2) and (except- 
ing acetone) by Gr. (3) also. Similar realation between the adsorption and solubility have 
been obtained by Firth (Joc. cit.) and Patric and Jones (Joc. cit.), 
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From the considerations of the dipole moment it is found that in Gr. (1) with 
increasing dipole moment adsorption decreases (excepting o-xylene). In Gr. (2) dipole 
moment is constant as also the adsorption value of benzoic acid remains constant, 
But adsorption of o-nitrobenzoic acid and phthalic acid increases as we ascend the 
(3) chlorobenzene is an exceptiou, otherwise 
with increasing dipole moment adsorption decreases. So weak adsorption occurs in 
strongly polar solvents and strong adsorption in weakly polar solvents. This antibatic 
relation between dipole moment and adsorption is not universal, however, and is probably 


influenced by the mutual affinities of the solutes and the solvents, as pointed out by 


homologous series of alcohols. In Gr. 


Heymann and Boye (loc. cit.). 

Now as molecules of the solutes taken here are partly polar and partly non-polar, 
it will be expected that their solubility will be less in highly polar and non-polar solvents, 
while adsorption wil! be high, and as solubility will be greater in the intermediate 
solvents, adsorption will be low. It has been observed that this is true because 
adsorption of benzoic acid is high in non-polar solvents and _ is less in intermediate 
solvents. But adsorption is also low in highly polar solvents of Gr. {3) which is due 
to the mutual effect, as pointed out above. 

The polarity of the three solutes taken is in the following order: phthalic acid > 
o-nitrobenzoic acid > benzoic acid. 

So solubility in any solvent, say n-butyl alcohol, should be least of phthalic acid 
and most of benzoic acid. And so the adsorption in a solvent should be most of 
phthalic acid and least of benzoic acid. ‘This is also true to a great extent. 

Similarly it can be predicated that as the solubility of non-polar solutes will be 
much in’ non-polar solvents, adsorption will be low and in polar solvents solubility will 
be low and adsorption will be high. 
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ADSORPTION OF IONS BY HYDRATED MANGANESE DIOXIDE IN 
RELATION TO ITS ELECTRICAL CHARGE AND THE CON- 
CENTRATION OF THE HYDROGEN IONS LIBERATED 


By B. N. Guosn, S. N. CHAKRAVARTY AND M. L. KunbDvU 


The adsorption of ions from solutions of chlorides of some alkali and alkaline earth metals by 
hydrated manganese dioxide has been investigated. It has been shown that the cations are adsorbed 
in appreciable quantities and that the adsorption of the chloride ions although negligible from a solu- 
ticn of KCl, is quite marked from the solutions of BaCl,, CaClp and MgCly. ‘The adsorption of cations 
are accompanied by the liberation of H+ ions and in the case of the divalent cations this has been 
attributed to their adsorpticn both (1) in the electrically adsorbed and (2) in the mobile parts of the 
electrical double layer at the solid/liquid interface. 


The adsorption of cations from solutions of electrolytes by hydrated manganese 
dioxide has been investigated by Van Bemmelen (J. prakt. Chem., 1881, 28, 324, 327), 
Mehrotra and Sen (this Journal, 1926, 8, 297), Ghosh (J. Chem. Soc., 1926, 2605), 
Chakravarty and Dhar (J. Phys. Chem., 1927, 21, 997) and Levy (Ann. chim., 1931, 
vii, 18, &5). It has been observed that in such adsorption, H” ions are liberated 
in appreciable quantities. The liberation of H* ions has been attributed by Ghosh 
(loc. cit.) and by Mukherjee (this Journal, 1925, 2, 191; J. Chem. Soc., 1926, 3023) 
to the displacement of the H* ions from the electrical double layer by cations enter- 
ing into this layer from the solution. Chlopin and Balandin ‘7. anorg. Chem., 1925, 
149, 157) have also investigated the interaction of manganese dioxide with electrolytes 
like BaCl,, and have concluded that the liberation of acid can be represented by the 
following chemical equation 


MnvU., H,O + BaCl, = BaMnO, + 2 HCl. 


++ 


If this view be correct, it would mean that each Ba** ion which reacts with manganese 
dioxide should liberate two H” ions and no Cl” ions should be adsorbed. From a 
consideration of the reversal of electrical charge of hydrated manganese dioxide in 
the presence of chlorides of divalent cations like Ba**, Ghosh (loc. cit.) has predicted 
that the adsorption of cach Ba** ion should be accompanied by liberation of one 
H* ion and adsorption of one Cl ion. ‘The observation of Chakravarty and Dhar 
(loc. cit.) that the number of gram equivalents of HCI liberated is less than the number 
of gram equivalents of Ba** adsorbed seems to support the view expressed by Ghosh 
floc. cit.). To test the different view points recorded above, it is necessary that a 
systematic determination of the cations adsorbed and the H” ions liberated should be 
made. ‘Ihe results of such measurements along with that of the electrical charge of 
hydrated manganese dioxide in the presence of different electrolytes are recorded in 


this paper, 
EXPERIMENTAL 


In the preparation of samples of manganese dioxide a 10% solution of manganous 
sulphate was mixed with a slight excess of a concentrated solution of potassium 
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permanganate in presence of sulphuric acid. The precipitate of manganese dioxide 
thus formed was washed repeatedly with hot distilled water, the washing being conti- 
nued for over a period of eight days, when the fx of the wash liquid rose to about 
5.2, and it was free’from SO,” ion. It was then washed with conductivity water until 
the px rose to 5.6. The precipitate was then stored in a well-stoppered bottle. The 
percentage, of moisture and manganese dioxide were determined and the composition 
of the sample in stoichiometric formula was found to be 6.16 MnO,, MnO, 43.15 H.0. 

Effect of the Bivalent Cations on the Electrical Charge of Manganese Dioxide.— 
The effect of the bivalent cations on the electrtcal charge of manganese dioxide was 
measured by the electro-endosmoitic method. The arrangement used for the electro- 
osmoitic experiments was similar to that used by Mukherjee and co-workers (Nature, 
1922, 110, 732) and was described fully by Ghosh and Roy (this Journal, 1939, 16, 644). 

It will be noticed from the data given in TableI that the capacity of the bivalent 
cations to diminish the negative charge is in one order : Ba>Ca>Mg. 


TABLE I 
Electro-osmotic experiments. 


Potential difference between the terminals of the electrodes was 200 volts. 


Movement of air bubbles in (mm. /min.) Movement of air bubbles (mm./min.) 
Conc. BaCl. CaCly. MgCl,. Conc. BaClp. CaCl, MgCl, 
N/5 +22.0 +190 +17.2 N/50 + 5.0 + 4.2 + 2.1 
N/15 +16.0 +14.0 —_ N/60 + 3.0 + 1.8 — 1.4 
N/25 +11.2 -- oa N/80 — 2.5 — 32 — 4.1 


* + Sign indicates that the MnO, has beconie positively charged and vice versa. 


Determination of the H* Ions liberated and of the Adsorption of the Cations and 
Anions.—The adsorption of the ions was determined by using 4 g. of manganese 
dioxide and tooc.c. of the solution of the electrolyte in question, in different bottles. 
Each bottle was shaken in a mechanical shaker for 15 minutes. ‘The contents of the 
bottle were then allowed to settle, as much of the clear supernatant solution as possible 
was withdrawn and analysed. The barium was precipitated 1s sulphate using pure 
dilute sulphuric acid. The calcium was estimated by precipitating it as calcium 
oxalate, washing, and then dissolving the precipitate in dilute sulphuric acid, boiling 
and titrating the oxalic acid liberated against standard permanganate solution. The 
magnesium was estimated by precipitating it as magnesium ammonium phosphate, 
and igniting the latter to pyrophosphate. The acid was estimated by titration with 
N/s50 solution of baryta using phenolphthalein as an indicator and the chloride was esti- 
mated gravimetrically as AgCl. The results are recorded in Table II. In Table III 
are recorded some data on the adsorption of barium, calcium and potassium from solu- 
tions of their acetates and chlorides side by side for comparison. The potassium was 
estimated by evaporating a definite volume of the solution of its salts and then conver- 
ting them into sulphate, : 
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TABLE II 
No. of mg. ions of No. of mg. ions of 
Conc. metal Cl H libe- 2M-A. Conc. metal Cl H libe- 2M-A 
adsorded. adsorbed. rated ‘H’. adsorbed. adsorbed. rated ‘H’. 
BaCl, CaCl, 
N/10 0.604 0.136 1.080 1.072 N/10 0.309 0.115 0.507 © 503 
N/20 0.279 0.094 0.477 0.464 
N/20 0.562 0.098 1.050 1.026 N/30 0.255 0.075 0.449 0.435 
N/30 0 517 0 072 0.976 0.962 N/40 O 234 0.052 0.421 o 416 
N/40 ; .048 MgCl, 
4 0.475 0.04 0 913 — N/10 _— 0.234 0.082 0.403 0.386 
N/50 0.442 0.038 0.850 © 846 N/20 0.214 0.064 0.352 0.364 
N/30 0.195 0.045 0.334 0.345 
N/60 0.416 0.034 o 802 0.798 N/40 0.180 0.031 0 319 0.329 
TABLE III 
BaCle — Ba(Ac)9* 
Conc, No. of mg. ions of Ba No. of mg. mol. of acid No. of mg. anions absorbed 
absorbed from liberated from (calc. from eqn. 1) 
BaCl,. BaiAc)g. BaCl,. BalAc)s. Cl. Ac. 
N/10 0.604 1 263 1.080 2.402 0.128 0.124 
N/20 0.562 1.085 1.050 2 084 0.074 0.084 
N/30 0.517 0.987 0 976 1.885 0.058 0.089 
N/40 0.475 — 0.913 — 0.037 _ 
N/s50 0.442 0.813 0.850 1.562 0.034 0.064 


* Ac stands for acetate ion. 
Acids from chloride solutions means hydrochloric acid, and from acetates, means acetic acid 


TABLE IV 
CaCl,—Ca(Ac), KCI—KAc 
nn nD 
a > a 
0 =) ° R -— ve og 
“a9 be on .° = = | =~ ods Se? am, 
r= | oy < 5 os => 
cP.) Bs a's 7: 28 Ek §s* 
-S -§ -9S 5 2 os = 
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he 66 638 i= oe sue 
3 ° 
zs AS Aa” _ z,° — 
~_é-—_—_——. ---___o ~_—_—-_——_—_—— _—_—_-—_—. _-_--—_— _—- oo“ 
CaCl. Ca(Ac)g. CaCl CafAc)g. Cl. Ac. KCl, KAc. KCl, KAc. Cl. -Ac *, 


N/10- 0.309 1.045 0.507 2.001 0.III 0.089 N/1o 0547 1.856 0.524 1.841 0.023 0.015 
N/20 0.279 0.935 0.477 1.799 0.08% 0.071 N/20 0.50% 1.700 0 485 1.684 0.016 0.016 
N/30 0.255 0.859 0.449 1.€63 0.061 0.055 N/30 0450 1.480 0.435 1.466 0.015 0.014 
N/40 0.234 0.784 0.421 1.543 0.047 0.025 N/40 0.440 1.375 0.422 1.361 0.018 0.014 
N/56 0.217 0.720 0.386 1.40% 0.048 0.039 N/50 0.377 1.194 0.361 1.182 0.016 0.012 


* Ac in these tables stands for CH,;COO-ion. 


DIiscUSSION 


It will be noticed from the data recorded in Table I that hydrated manganese 
dioxide is negatively charged in contact with dilute solutions of electrolytes containing 
divalent cations, but the charge is reversed in sign as their concentration is increased. 
An examination of the data in Table II will also show that although the chloride ions 
are adsorbed in appreciable quantities, their number is much less than the number 
of gram ions of the corresponding divalent cation adsorbed. It may be stated in this 
connection that consistent with the structure of the electrical double layer, consisting 
of an electrically adsorbed layer and a mobile layer, proposed by Mukherjee (loc. cit.) 
and discussed in a previous paper by Ghosh (loc. cit.), two types of adsorption occurring 
simultaneously of a divalent cation like Ba** should be recognised. In one type a Ba** 
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ion displaces a H* ion from its position opposite to a negatively charged point on the 
surface of MnQ, and is held bound there. As such a point on the surface is supposed 
to carry an unit negative charge, the fixation of a Ba** ion opposite to it will 
necessitate the presence of a chloride ion in its neighourhood for the maintenance 
of electrical neutrality in this region. In the other type of adsorption a Ba*” ion is 
supposed to pass from the solution into that part of the double layer which can move 
when an external electric field is applied. Since in this layer the Ba** ion is free to 
move, the net effect of its presence therein will be the displacement of two H* ions 
from it, in order that the electrical neutrality of the dovble layer as a whole is main- 
tained. ‘Thus, the electrical adsorption of a Ba** ion will lead to the liberation of one 
H* ion and the adsorption of one chloride ion, while the adsorption of a Ba** into the 
mobile part of the double layer will lead to the liberation of twoH” ions. ‘The 
adsorption of the cation and the anion and the liberation of acid can therefore be corre- 
lated by the following equation, 
2M-A =H a ane (x) 
where M represents the number of a divalent cation A, the number of an univalent anion 
adsorbed and H, the uumber of molecules of acid liberated. It will be noticed from the 
data recorded in Table II that the value of 2M—A agrees well with the amount of acid 
liberated. 

Mehrotra and Sen (loc. cit.) found that more Cu** ions were adsorbed from a solution 
of copper sulphate than irom a solution of copper chloride of the same concentration 
by hydrated manganese dioxide. They attributed this phenomenon to the adsorption 
of anions. It is, however, quite possible that the concentrations of the H* ions liberated 
in such cases may play a more important part than the adsorption of the anion. ‘Thus, 
H,SO, is known to be a weaker acid than HCl; and therefore the H* ions , which will 
be displaced by the Cu** ions, will have lower concentration in the CuSO, than in the CuCl, 
solution of the same normality. ‘Therefore, the Cu** ious that are competing with H* 
ions for a place in the mobile sheet of the double layer, or in the electrically adsorbed 
layer, will have a greater chance of adsorption in presence of CuSO, solution than in 
presence of CuCl, solution, because in the former case the concentration of the free H* 
ions will be less than in the latter case. 

The data recorded in Table il fully support this view. It will be noticed that the 
number of gram cations adsorbed is considerably greater from the solutions of their 
acetates, than from the solutions of their chlorides under comparable conditions. It will 
also be noticed that the number of equivalents of acetic acid liberated is considerably 
greater than the number of gram equivalents of hydrochloric acid liberated, although 
the adsorption as calculated from equation of the acetate ions is not much different from 
that of the Cl ions as would account for this marked difference in the adsorption of the 
cations from their respective solutions. The greater adsorption of the cations from the 
acetate solution is therefore in our opinion to be attributed mainly to the removal of 
H* ions from the sphere of competetion asa result of the formation of undissociated 


acetic acid molecules. 
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‘ALUMINIUM CHLORIDE AS A CONDENSING AGENT FOR THE 
PECHMANN REACTION 


By V. M. Drxit anp A. M. KANAKuDATI 


Acetone dicarboxylic acid has been condensed with (i) meta-cresol and (ii) pyrogallol in the presence 
of anhydrous aluminium chloride as the condensing agent In addition to the expected product, viz. 
the respective coumarin-4-acetic acid, the dilactone of 88-di-(2:3:4-trihydroxypheny])glutaric acid has 
been obtained from the condensation of pyrogallol. 


Continuing our investigation on the use of condensing agents other than sulphuric 
acid for the Pechmann reaction ‘cf. Dixit, Kanakudati and Mulay, this Journal, 1945, 
22, 207) (i) meta-cresol and (ii) pyrogallol were condensed with acetone dicarboxylic 
acid in the presence of anhydrous aluminium chloride, following the same procedure 
as that used for the condensation of resorcin(loc. cit.). 

m-Cresol gave a small yield of only one product, viz. 7-methylcoumarin-4-acetic acid 
(m.p. 190°, decomp.) which was identified by equivalent weight, analysis, mixed 
melting point with a known specimen perpared by Dey’s method (J. Chem. Soc., 1915, 
107, 1606) and conversion into the known 4:7-dimethylcoumarin (m.p. 130°). Inspite 
of repeated attempts, this condensation did not give any non-acidic product corresponding 
to the glutarodilactone, obtained from resorcin, but by using phosphoryl chloride as 
a condensing agent, a non-acidic product has been obtained and its constitution is being 
studied. A full account of this investigation will appear in a subsequent communication. 

Pyrogallol condensed smoothly with acetone dicarboxylic acid in the presence of 
anhydrous aluminium chloride. The condensation product was found to contain (i) an 
acid and (ii) a non-acidic substance. The acid was crystallised from*hot water as small 
hard needles (m.p. 218°, decomp.). It was identified with a known sample of 7:8-dihy- 
droxycoumarin-4-acetic acid (II), prepared in accordance with Dey’s method (loc. cit.) 
by (i) mixed melting point, (i) equivalent weight and (iii) conversion into the known 
ethyl ester (m.p. 196°) and 7:8-dihydroxy-4-methylcoumarin (4-methyldaphnetin, m.p. 
248°). 

This acid was sybjected to simultaneous hydrolysis and methylation according to 
the method of Robertson and Canter ‘J. Chem. Soc., 1931, 1875), since on reference to 
literature it was found that the expected §-2:3:4-trimethoxphenylglutaconic acid 
(III) had not been prepared so far. ‘The glutaconic acid was obtained in good yields 
and its identity was established by equivalent weight, analysis and conversion into 
its titratable anhydride, semianilide and anil. 

The non-acidic condensation product crystallised from hot water in white prismatic 
plates (m.p. 278-80°) and gave a dark green coloration with ferric chloride in acetone 
solution. On boiling with a dilute solution of sodium hydroxide it decomposed to 
pyrogallol. An approximate determination of its molecular weight suggested a 
condensation of two molecules of pyrogallol with one of acetone dicarboxylic acid. 
Hence, by analogy with resorcin a constitution of the dilactone (I) of @B-di-(2:3:4- 
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trihydroxypheny]) glutaric acid is proposed for the non-acidic product and the reaction 
is supposed to take place as under: 








OH O OMe 
oHf \“ co , MeO” NoMe 
| | Hydrolysis | | CH.COOH 
\VSA74 CH methylation a" c¢ 
Cc ’ CH,.COOH 
| (III) 
CH,.COOH 8-(2:3 :4-Trimethoxpheny!- 
(II) glutaconic acid) 
OH 
on on f f 
{\4 | 
CH,.COOH 
+ ocd 
CH,.COOH OH OH O 
* a 1 ip 
oul Jor | VY“. _,CH2.COOH A148 
OH —__—> oC —> C 
/\/ ~*CH;.COOH 4N/\cH 
| on 
OH OH O 
(IV) (I) 
Glutaric acid BB-1)j-(2:3 :4 trihydroxypheny])- 


(unstable) glutarolactone. 


As in the case of resorcin, the intermediate glutaric acid (IV) could not be isolated. 

On heating the non-acidic compound (I) with 80% sulphuric acid under the 
usual experimental conditions, the expected 7:8-dihydroxycoumarin-4-acetic acid (m.p. 
216°, decomp.) was obtained in almost theoretical yield. After removal of the acid, 
the filtrate was found to contain pyrogallol. 

The non-acidic compound (I) was converted into its tetra-acetyl derivative by the 
action of acety! chloride, and into its benzoyl derivative by the action of benzoyl chloride 
in the presence of pyridine. 


ExPERIMENTAL 


7-Methylcoumarin-4-acetic Acid.—A mixture of acetone dicarboxylic acid 
‘5.5 g.) and m-cresol (3.0 g.) was dissolved in dry carbon disulphide (60 c.c.) and 
»wdered anhydrous aluminium chloride (y g.) was added in small quantities with shak- 


. 


ing. The mixture was then kept overnight under a guard tube and was refluxed, on 
a water-bath for about 4 hours. The bulk of carbon disulphide was then distilled off 
and the residue finally dried by exposure, Crushed ice (100g.) and a small quantity 
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of concentrated HCI (5 ¢.c.) were added. The resulting mixture was kept in a refrigerator 
for about 40 hours and then extracted with ether. The aqueous layer was removed 
and the ethereal layer was shaken carefully with a strong solution of sodium bicarbonate 
to dissolve the acidic component. On acidifying the bicarbonate layer a solid separated. 
This was filtered, washed, dried and crystallised from dilute alcohol in colorless long 
needles, m.p. 190°. (decomp.), yield 40%. The melting point was not depressed on 
mixing it mith a known specimen of 7-m2thylcoumarin-4-acetic acid. (Found: Equiv. 
218.7. Calc for C,,H,.O,: Equiv., 218.0). 

By. carefully heating at its m.p. ina paraffin bath, the 7-methylcoumarin-4-acetic 
acid was decarboxylated to the known 4: 7-dimethylcoumarin. It was crystallised from 
dilute alcohol as long white needles, m.p. 130° ; mixed m.p. with a known specimen of 
the dimethylcoumarin, 128°. 

7 : 8-Dihvdroxycoumarin-4-aceitc Acid.—Powdered anhydrous aluminium chloride 
(27 g-) was added in small quantities with continuous shaking to a fine suspension of 
acetone dicarboxylic acid (14.5 g.) and pyrogallol (ro g.) in dry carbon disulphide 
(100 c.c.). The mixture was kept standing for about an hour. ‘The bulk of the carbon 
disulphide was distilled off and the residue after drying in a current of hot air was 
mixed with crushed ice (100 g.) and concentrated HCl (10 c.c.). An ash coloured solid 
separated which was filtered and dried. This was then treated with a solution of sodium 
bicarbonate. A part of it remained insoluble and was separated by filtration. ‘This was 
non-acidic product (B). The acidic product (A) separated as a greyish solid on acidifica- 
tion of the filtrate. It was filtered, washed, dried and crystallised from diiute alcohol 
in short white needles, m.p. 218° (decomp.). It dissolves in dilute alkali solutions with 
a red colour and gives an intense green colour with ferric chloride in alcoholic 
solution. 

When mixed with a known specimen of 7 : 8-dihydroxycoumarin-4-acetic acid the 
melting point of the acid (A) was not depressed. (Found:' Equiv. 234.7. C,,H,O, 
requires equiv., 236). 

The acid was carefully decarboxylated by heating at its melting point. The result- 
ing 7: 8-dihydroxy-4-methylcoumarin (4-methyldaphnetin) crystallised in colorless long 
needles from dilute alcohol (m.p. 236°) and was identified with a known specimen 
of the compound by the usual method. The acid was also converted into its known 
ethyl ester, m.p. 106°. (Found: C, 59.16; H, 4.47. Calc for C,,H,.0,: C, 59.090; H, 
4.54 per cent). 

BB-Di-(2 : 3: 4-trihydroxyphenyl)-glutarolactone.—The non-acidic condensation 
product (B), obtained above, was crystallised from dilute alcohol as thick rhombic 
prisms, m.p. 278-80°, yield 50 %. 

The dilactone is soluble in hot water, acetone, ethyl acetate, ethyl alcohol, methyl 
alcohol; sparingly soluble in carbon tetrachloride; insoluble in petroleum benzine, 
ether, benzene. It gives a dark green coloration with ferric chloride in acetone solution. 
(Found: C, 50.163 H, 3.58. C,7H,.0s requires C, 59.29; H, 3.487 per cent). 

Tetra-acetate of the BB-(2: 3: 4-trihydroxyphenyl)-glutarolactone.—The dilactone 
(x.5 g.) was refluxed with acetyl. chloride (15 ¢.c.) on a water-bath for six hours. 
The contents were poured on crushed ice (50 g.) and the mixture stirred vigorously. 
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A pasty mass separated and was solidified by keeping under water for 24 hours to a 
white powder. ‘This was filtered, washed with dilute sodium hydroxide solution and 
water, dried and crystallised from glacial acetic acid assmaijl prisms, m.p. 268°, yield 
1.7 g- 

Theacetyl derivative is solubje in chloroform, acetone, hot glacial acetic acid; 
sparingly soluble in benzene and ethyl acetate; insoluble in ether, petroleum benzine, 
alcohol and water. It did not give any coloration with ferric chloride. (Found: C, 
58.08; H, 4.115. C.sH.»O,2 requires C, 58.59; H, 3.005 per cent), 

Dibenzoate of the BB-Di-(2 : 3 : 4-trihydroxyphenyl)-glutarolactone.—The dilactone 
{1.0 g.) was dissolved in dry pyridine (10 c.c.) and benzoyl chloride (2-5 g.) was added 
to the solution in small quantities and with shaking. The mixture was then refluxed 
on a water-bath for about six houts. Excess of pyridine was removed by slow evapora- 
tion and the residue was mixed with ice-cold wateT (40 ¢.c.)containing a few c.c. of 
concentrated HCI when a pink coloured solid serparated. This was filtered and washed 
with dilute alcohol and dried. It crystallised as colorless light plates, m.p. 110°, 
yield 2.5g. It is soluble in most of the common organic solvents and gives a greenish 
coloration with ferric chloride in acetone. (Found : C, 67.51; H, 3.72. Cs,;H. OQ, requires 
C, 67.39; H, 3.62 per cent). 

Action of 80% Sulphuric Acid on the BB-Di-A2 : 3 : 4-trihkydroxyphenyl)-glutaro- 
lactone.—The dilactone (2 g.) was dissolved in warm sulphuric acid (25 c.c., S50 %) 
and the mixture was kept standing for 4 hours. It was then poured on ice. After 
several hours, a white solid separated. This was filtered and the residue was 
dissolved in sodium bicarbonate solution, filtered and the filtrate was acidified with 
HCl. A white crystalline precipitate was obtained. It was filtered, washed and 
crystallised from dilute alcohol as short, white needles, m.p, 216° ; mixed m.p. with a 
known specimen of 7 : 8-dihydroxycoumarin-4-acetic acid (Dey, loc. cit.), 216°. 

The fitst filtrate mentioned above gave a bluish black coloration with ferric chloride 
and other characteristic reactions of pyrogallol. 

B-2 : 3: 4-Trimethoxyphenylglutaconic A-id.—7 :S-Dihydroxycoumarin-4-acetie acid 
(20 g.) was dissolved in an aqueous solution of caustic soda (150 c.c., 30 %) and 
dimethyl sulphate (50 c.c.) was slowly added to the solution with continuous shaking. 
A further quantity of NaOH solution (25 c.c. of 30%) was added and the contents 
refluxed on a water-bath for 3 hours 

On cooling, crystals of sodium sulphate separated and were removed by filtration. 
On acidifying the filtrate a semi-solid mass separated. It was washed and dissolved in 
a solution of sodium bicarbonate. The solution was shaken with ether to remove non- 
acidic matter and then acidified with HCl. The white crystalline precipitate thus 
obtained was filtered, washed and crystallised from dilute acetic acid as stout rhombic 
crystals, m.p. 167° (decomp.), yield 12.3 g. ‘The equivalent weight agreed with the 
formula of the glutaconic acid with one molecule of water of crystallisation. (Found: 
Equiv., 157.3- Calc. for C,,H,;.O,, H,O: Equiv., 157.0). A dehydrated sample of the 
acid was used for analysis, (Found: C, 56.66; H, 5.63. Calc. for CjsHyO0; : C, 56.78; 
H, 5.456 per cent.) 
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Derivaiives of the B-2 : 3 :4-Trimethoxyphenylglutaconic Acid: ‘The anhydride was 
prepared by heating the glutaconic acid (2 g.) at 180° and extracting the residue with 
benzene or glacial acetic acid as prismatic crystals (from glacial acetic acid), m.p. 88°- 
go°. It gives a green coloration with ferric chloride in acetone solution. Im contact 
with even a dilute solution of alkali, the anhydride slowly hydrolyses to the original 
glutaconic acid. 

Semianilide was prepared by warminga solution of the anhydride (m.p. 90°) 
in benzene with a small quantity of aniline for about 15 minutes. Colorless thin 
plates, m.p. 150-52°. (Found: Equiv., 370.8. C2oH.,0.N requires equiv., 371.3.). 

Anil was obtained on heating the anhydrous glutaconic acid (4 g.) with aniline 
(1.5 g-) at 140 -160° for two hours. The residue was extracted with glacial acetic 
acid as small white crystals, m.p. 185°. As expected, the anil is titratable. (Found: 
Equiv., 351-8; N, 3.87. C2oH,,O,N requires equiv., 353.0; N, 3-96 per cent). 

The authors acknowledge with thanks the facilities made available to them by Dr. 
G. V. Jadhav. 
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BROMINATION OF COMPOUNDS CON'TANING TWO AROMATIC 
NUCLEI. PART VII. BROMINATION OF ARYL ESTERS 
OF 5-NITROSALICYLIC ACID 


By R. M. THAKKAR AND G. V. JADHAV 


Phenyl], 0-, m-, p-cresyl and m- and p-nitrophenyl esters of 5-nitrosalicyl:c acid have been brominated 
in acetic acid medivm as well as with liquid bromine and the constitutions of bromination products 
have been proved by hydrolysis and confirmed by mixed melting points with synthetic products. 


The present work was taken up with a view to studying the effect of the introduc- 
tion of a negative group like NO, in the acidic part of aryl esters, already worked out 
by Thakkar and Jadhav (J. Univ. Bom., 1949, 18, ill, 30) in the course of bromination. 
It has been observed that bromine enters only the acidic part of the molecule in 
presence of the solvent, whilst it enters the phenolic part only when liquid bromine 
is used. Bromination with liquid bromine in presence of a catalyst like iodine, however, 
gives compounds with bromine in both the parts. 


Further, it was observed that introduction of a negative group like NO, in the 
phenolic part practically completely deactivated the molecule, as the ester was recovered 
unchanged when treated with liquid bromine, and the use of iodine catalyst could 
give, in the case of p-nitrophenyl 5-nitrosalicylate, a compound with bromine in the 
acidic part of the molecule. 


The constitutions of the bromination products were arrived at by alkaline hydro- 
lysis and confirmed by synthesis in most cases. In the case of the dibromo product 
of p-cresyl 5-nitrosalicylate and p-cresyl 3-bromo-s-nitrosalicylate, substances gave a 
definite lowering in melting point, when mixed with 2: 6-dibromo-p-cresyl derivatives. 


ExPERIMENTAL 


Bromination in Acetic Acid Medium.—The requisite ester ‘2 g.) was dissolved 
in hot acetic acid and 20% solution of bromine in acetic acid (15 c.c.) was added and 
the reaction mixture was heated on a boiling water-bath. Generally the bromination 
product crystallised from the solution. It was recrystallised from a suitable solvent. 
‘I'he results are described in Table I below. 


Bromination by Liquid Bromine.—Viquid bromine (3 c.c.} was added to the requisite 
ester (2 g.) except in the case of o-cresyl ester when 6c.c. of bromine were used. The mix- 
ture was shaken for half an hour and then left overnight. Water was then added to the 
reaction mixture whena solid was obtained. It was triturated with sodium bisulphite 
solution to remove excess of bromine and then crystallised from a suitable solvent. 
‘T’he results are described in Table II below, 
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Synthesis of the Bromination Products.—The compounds marked with asterisks in 
Tables I and II were also prepared by heating 3-bromo-s-nitrosalicylic acid (2 g.) and the 
requisite phenol (2 g.) in presence of phosphorus oxychloride ‘1 c.c-) at 120°-130° for 
half an hour. The compounds crystallised from the same solvent as those in Tables I 
and Il. 

Hydrolysis.—All bromination products were hydrolysed by using 50 c.c. of 0.5N 
potassiuin hydroxide solution for 1g. of the substance and boiling the mixture for 
about 5 hours. The solution was then cooled in ice and carbon dioxide was passed 
through it when phenolic component separated. It was removed by extraction with 
ether. A quantity sufficient for purification and identification could be obtained only 
in the case of dibromo-o-cresyi 5-nitrosalicylate. The alkaline solution was then acidi- 
fied with hydrochloric acid and the acid that separated was identified by mixed melting 


point with 5-nilrosalicylic acid or 3-bromo-5-nitrosalicylic acid. 


TABLE | 


N-S represents 5-nitrosalicylate; B-N-S represents 3-bromo-5-nitrosalicylate. 


Esters used. Period of Products obtained. Crystallised M.p Formula. % Bromine. 
heating. from Found. Calc. 
1. Phenyi N-S. 3hrs. Phenyl B-N-S.* Rect. spirit 164-65° Cj,HsO;NBr 23.8 23.7 
2, 4-Bromo- }-Bromopheny! 
pheny! N-S } B-N-S.* Acetic acid 213-14" Cy3H7O;,NBr, 38.7 38.4 
3. o-Cresv] N-S | o-Cresyl B-N-S.* Acetic acid 154°55° C)4H),O;NBr 22.8 22.7 
4. §:6(?)-Dibromo- 5:6 (?) Dibromo- 
o-cresyl N-S. 4 o-cresy! B-N-S. Acetic acid 182-83° C)yHgO;NBr; 17.3 47.1 
5. 4-Bromo-vo-cresyl- 4-Bromo-o-cresy] 
N-S 2 B-N-S. * Acetic acid 190-91 CyyHgO;NBry 37-3 37°1 
6. m-Cresyl N-S Time of m-Cresyl 
keeping b-N-S. ° Rect. spirit 112-13° Cyl Tp gO5N Br 22.9 22.7 


at room 


temp., 1 hr. 


7. 2:4-Dibromo- 1 hr 2 :4-Dibromo-m- 
m-cresyl N-S. cresyl B-N-S. *} Acetic acid 186-87 ° C)yHgO;N Bry 17-3 47.1 
8. p-CresvyIN-S. Overnight p-Cresyl B-N-S.* Acetic acid = 15253" CyHO3NBr 22.9 22,7 
9. m-Nitrophenyl Heated on m-Nitrophenyl 
N-S. aboiling -N-S. *t Acetic acid 178-89° CyH;O;Nybr 21.2 209 
water-bath, 
2 hrs. 
10, p-Nitropheny! p-Nitrophenyl 
2 B-N-S. * Acetic acid 222+23° C)3H7O;NoBr 21.1 20.9 


NSS. 


+ This substance is also obtained from mi-cresyl and p-nitrophenyl N-S. (2 g.) and liquid bromine 


(6 c.c.) in presence of iodine catalyst 





330 R. 


wn 


“MI 


M. THAKKAR 


AND 


G. 


TABLE II 


N-S and B-N-S represent the same 


Esters used, Product obtained. 


Phenyl N-S. 4-Bromopheny! N-S. 


Phenyl! B-N-S. 4-Bromopheny! B-N.S.** 
o-Cresyl N-S. 5 :6( ?)-Dibromo-o-cresy] 


S. 


Z 


o-Cresy! B-N-S. 5 :6( ?)-Dibromo-o-cresy] 
B-N-S.* 
2 :4-Dibromo-m- 
cresyl N-S. * 


$4-Bromo-m-cresvl B-N-S.* 


m-Cresyl N-S. 


m-Cresy] B-N-S. 


p-Cresyl N-S. 2 :3- or 2:5-Dibromo- 
p-cresy] N-S. 
2 :3- or 2 :5-Dibromo- 


p-cresyl B-N-S. 


p-Cresyi B-N-S. 


+ Also obtained 
catalyst. 

} Also obtained 
hours. 


Rect. spirit 


Acetic acid 


Acetic acid 


Acetic acid 


Rect. spirit 


Acetic acid 
Acetic abid 


Acetic acid 


vs 


Crystallised from. 


JADHAV 


as in Table 1. 


M. p. 


157-58" 


213-14° 


196-97° 


182-83° 


155-56° 


176-77° 
198-99° 


170-72° 


Formula. 
Ci3H¢6 SN Br 


Cy2H76 )5N Bry 


Ci sHo96 )sN Bry 


CigHgO5N Br 3 


C)4Ho6 )sN Brg 
CyyHogf IsN Br, 


Cy 4Hg6 )gN Brg 


C)4H¢¢ ISNBr 


% Bromine 
Calc. 


Found. 


47: 


3 


47 





I 


from simple aryl ester of N-S (2 g.) and liquid bromine (6 c.c.) in presence of iodine 


from m-cresyl N-S in acetic acid medium by heating on a boiling water-bath for 16 


? This constitution is provisionally given as the melting point of the phenolic component is 


very near to that of 5 :6-dibromo-o-cresol. 
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ORGANIC FUNGICIDES. PART Hl. ON CERTAIN HIGHER 
KTHERS OF CRESOTINIC ESTERS 


By A. B. SEN anp Kk. C. Josui 


Several higher ether-esters of cresotinic acids have been prepared preliminary to evaluation of their 


fungicidal activity 


‘The relation between the size of the molecule and its toxicity to fungi has been 
studied by various workers im several series of organic compounds. Baechler (Amer. 
Wood-Pres. Assoc., 1939, 35, 1) found that in open-chain alcohols, the potency 
increased with the length of the chain up to 11 carbon atoms. Kiesel (Ann. Inst. Pasteur, 
1913, 27, 391) observed that, as in alcohols, the potency of fatty acids increased with 
the length of the chain and maximum potency was reached at 10 to 12 carbon atoms 
and then decreased. In the case of aromatic compounds (Horsefall, “Organic Fungi- 
cides’, p. 150), if the benzene ring is added to some other organic compound so as 
to bring the total number of carbon atoms closer to 12, toxicity is increased but if 
the number is much above 12, it decreases. Further work by Bateman ‘Amer Wood- 
Pres. Assoc., 1922, 18, 70) and Tattersfield and Gimingham ‘Ann. Appl. Biol., 1928, 15, 
331) also indicates that a marked change in potency takes place in the neighbourhood 
of 12 carbon atoms. In continuation of our work on ethers of cresotinic esters, report- 
ed earlier (this Journal, 1049, 26, 335), we have now prepared several higher ethers 
containing 14 to 17 carbon atoms with a view lo studying the change in their toxicity 
to fungi. 

The method used for the preparation of the ethers was as reported earlier (loc. cit.) 
viz., by refluxing the sodium derivative of the hydroxy-esters with the appropriate alkyl 


bromide in absolute alcohol. 


EXPERIMENTAL 


The two esters of p-cresotinic acid, 2-oxy-5-methyl methylbenzoate and 2-oxy-s- 
methyl ethylbenzoate, were obtained by Fischer’s method by refluxing the acid with 
the requisite alcohol in presence of 3% hydrochloric acid gas. Their boiling points 
are in agreement with those reported by Pinner. ‘Ber., 1890, 23, 2939). 

Esters of o- and m-cresotinic acids were prepared by methods already reported 
earlier (loc. cil.). 

Eiher-esters of cresotinic acids were prepared by refluxing the sodium salt of the 
cresotinic acid-alkyl ester with the required aikyl bromide ‘20% in excess) in absolute 
alcohol and extracted as reported earlier (loc. cil-). 


The following ether-esters have been obtained. 





Compounds 


Aimy! ether of o-C- 
isopropyl] ester 


Amy] ether of o-C- 
buty! ester 


Hexy] ether of o0-C- 
butyl! ester 


Amy] ether of m-C- 
methyl ester 


Amyl ether of p-C- 
methyl] ester 


Hexy] ether of p-C- 
methyl ester 


Amy] ether of p-C- 
ethyl ester 


Hexy!] ether of p-C- 
ethyl] ester 


i soAmy]! ether of p-C- 
ethy] ester. 


CHEMICAL LABORATORIES, 
Lucknow UNIVERSITY, 
LUCKNOW. 


A. B. SEN AND K, 


C denotes cresotinic acid. 


B. p. 


160°/10 mm. 


160°/4 


116°/5 


175°/6 
134°/4 


176° /4 


Yield. 


TABLE I 


42.8% 


C, JOSHI 


Mol, formula. 


Ci gH 2403 
Cy7H 60, 
CigH gO 
CyqH 903 
CygH 2 
Ci5H 203 
C)5H9,O03 
CysH Vs 


C)5Hy96 dy 


% Carbon 


Found. 


72.18 


73-12 


72.22 
49°99 


70-92 


70.89 


71.56 


71.63 


72-39 


71.85 


Calc. 


a | 
to 
“J 
nN 





% Hydrogen 
Found. Calc. 


9.14 


8 g6 


9.09 


9.09 


8.80 
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STUDIES ON LIPASE FROM OIL SEEDS. PART XII. EFFECT OF HYDRO- 
GEN ION CONCENTRATION AND THE NATURE OF THE BUFFER ON 
THE HYDROLYSIS OF AMYL BUTYRATE BY RICINUS LIPASE 
FROM CASTOR SEED 


By C. V. RAMAKRISHNAN AND G. V. NEvVGI 


Hydrolysis of amy! butyrate by ricinus lipase was carried out using different buffer solutions of vary- 
ing Pu in order to study the effect of hydrogen-ion concentration and the nature of the buffer on the 
enzymic hydrolysis of esters. 

Ramakrishnan and Nevgi (this Journal, 1950, 27, 7, 331, 332) studied in detail the 
hydrolysis of different aliphatic esters belonging to a homologous series using acetone 
dried lipase from castor seed and ether solvent and found in the case of amyl buty- 
rate, the maximum percentage hydrolysis of 31.2% on the 4th day. 

The effect of hydrogen-ion concentration and the nature of the buffer on the enzymic 
hydrolysis of n-amyl butyrate were studied using different buffer mixtures of varying px. 


ExPERIMENTAL 


The acetone-dried sample of the lipase was prepared from fresh well ripened 
castor seed by Ramakrishnan and Nevgi’s method (J. Univ. Bombay, 1950, Science 
issue) and used for the experiment. Disodium phosphate-citric acid buffer mixtures of 
different px were prepared according to Mclivaine’s method (J. Biol. Chem., 1923, 49, 
153) and sodium acetate-hydrochloric acid and sodium acetate-acetic acid buffer mixtures 
of different px according to Wa!pole’s method (J. Chem. Soc., 1914, 195, 2501, 2521). 

The hydrolysis of amyl butyrate by acetone-dried lipase was carried out at different 
bu using different buffer mixtures. 

Each set of the experiments consisted of 0.018 g. mol. of ester solution, 1 g. of 
acetone-dried lipase, 10 c.c. of ether solvent, 5 c.c. of buffer of varying p, value and a 
few drops of toluene in a conical flask. It was corked and shaken weil and incubated 
at 37°. Always a blank accompanied each sample. Necessary precautions were taken 
to take readings under sterile conditions. At different intervals of time, 1 c.c. portion was 
taken and 25 c.c. of neutral alcoho! added, warmed for some time and titrated against 
N/1v-sodium hydroxide. From the the difference in readings between the sample and the 
blank, the percentage hydrolysis was calculated. The resulis are given in the 
following tables, 


TABLE I 


Optimum pu using disodium phosphate-citric acid buffer. 


Pu Percentage hydrolysis on the 
1st day 2nd day. 3rd day. 4th day 5th day. 6th day. 

2.4 86 11.5 13.9 18.1 16.5 12.5 ; 
2.8 10.3 13.8 15.2 21.6 18.2 15.2 
3.1 13.9 15.2 19 8 25.6 24.3 20.1 
4.8 28.3 35-5 39.8 45.6 32.8 26.5 
5.2 22.5 28.7 31.9 35-4 28.6 25.1 
5-5 20.9 23-8 29.7 33-5 25-7 24.2 
5-7 15.8 18.2 23-4 28.9 26.1 24-0 
6.2 10.9 14.8 19.1 24.3 18.1 15.4 
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TABLE IT 


Optimum py using sodium acelate-hydrochloric acid buffer. 


Pu Percentage hydrolysis on the 

Ist day. and day. 3rd day. jth dav. sth day. 6th day. 
1.5 10.1 14.3 15.8 17.5 14.9 12.3 
29 13.5 15.8 17.5 19.1 18.7 15-4 
3.8 15.1 18.4 22.1 25.5 23.8 21.9 
4.3 87.2 23.1 5.9 19.3 27.8 22.5 
4.8 20.8 25.3 30.2 35.8 31.6 28.7 
5,2 10.1 22,8 25.0 5 25.3 25-0 
5-5 18,1 0.1 5 23.9 21.8 
5.7 15.3 18.1 23.9 21.6 18.7 
6.0 13.8 15.6 18.7 r.§ 20.9 18.0 

rarnLe If] 
Optimum pa using sodium acetale-acetic acid buffer 

pu. Percentage hydro!vsis on the 

ist day. 2nd day 3rd day 4th day. sth day 6th day. 
3.8 9.1 11.5 is 6 17.8 15.2 13.9 
4.1 10.8 14.2 15.0 19.9 17.5 158 
4.8 14.3 17-5 22.5 28.7 25.6 223 
4.9 15.5 20.0 25-3 31.8 27.2 24.8 
5.5 14.1 17.0 20.1 25.0 228 20.9 
5-7 12.0 15.5 19.5 22.6 20.1 15.7 
5-9 10.2 13.8 15.5 17.8 16.1 15.8 
6.0 9.1 11.2 13.8 15.6 12.1 8.9 


From the above tables, it is found that the optimum p, for enzymic hydrolysis of 
amyl butyrate is 4.8 in case of disodium phosphate-citric acid buffer, 4.8 in the case of 
sodium acetate-hydrochloric acid buffer and 4.9 in the case of sodium acetate-acetic acid 
buffer. It can be seen that the optimum px for the hydrolysis of esters by ricinus lipase 
slightly varies i. e., 4.8 to 4.9 px with the nature of the buffer used. But at the same 
time, the maximum percentage hydrolysis reached is the greatest in case of disodium 
phosphate-citric acid buffer and the least in sodium acetate-acetic acid buffer. Generally, 
in all cases, the percentage hydrolysis reaches the maximum on the 4th day. 

Thus, it is inferred that the enzymic hydrolysis of the ester depends upon the hydro- 
gen-ion concentration, the nature of the buffer used and the time of reaction. 

It can be seen that disodium plosphate-citric acid buffer is good for synthesis as 
well as for the hydrolysis of esters. 

Further work is under progress to study thff effect of the buffer concentration and 
enzyme concentration on the hydrolysis of esters by lipase 
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STUDIES ON LIPASE FROM OIL SEEDS. PART XIIl. HYDROLYSIS 
OF SOME ESTERS BY RICINUS LIPASE FROM CASTOR SEED 


By C. V. RAMAKRISHNAN AND G. V. NEVGI 


Hydrolysis of some aliphatic esters by ricinus lipase from castor seed has been cartied out in order 
to study the effect of the nature of the alcoholic group on the enzymic hydrolysis of esters. 


Ramakrishnan and Nevgi (this Journal, 1950, 27, 33) studied in detail the enzymic 
hydrolysis of different propionates and butyrates of a homologous series and found that 
the maximum percentage hydrolysis decreased from methyl to amyl ester. 


The hydroiysis of the following esters was carried out using acetone-dried lipase in 
order to study the effect of the nature of the alcoholic group (the structure of the alcohol) 
on the hydrolysis of esters by lipase: mormal, secondary and tertiary butyl and amyl 


esters of propionic and butyric acids. 
EXPERIMENTAL 


The chemicals used were: 


1. -Amy] propionate: Mol. wt. 144.21 d, 0.876 g./c.c. b.p. 164° 
oe — — — 

— 0.876 142° 
4. n-Amy! butyrate 158.24 0.871 185° 
as on 0.862 173° 
6. GE. o « a 0.865 164° 
7. n-Butyl propionate 130.8 0.888 145° 
66 « -s 0.866 132° 
. Do “ 0.873 147° 
10. n-Butyl butyrate 144.21 0.872 166° 
2. a ae — _ ~ 

mi SO os - 0.872 165° 


Each set of the experiments consisted of o.018 g. mol. of ester solution, 1 g. 
of acetone-dried lipase, 10 c.c. of ether solvent and a few drops of toluene kept in a 
corked bottle. Initially 1 c.c. of it was taken and 25 c.c. neutral alcohol added, 
warmed and titrated against N/10o-NaOH. ‘This gave the blank reading. After 
keeping the mixture in the incubator at 37° at different intervals of time, 1 c.c. portion 
of it was taken, 25 c.c. neutral alcohol added, warmed and titrated against N/10-NaOH. 
From the difference in readings for the sample and the blank, the percentage hydrolysis 
was calculated. The results are given in Table I. 


7—1777P—6 
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TABLE I 
Hydrolysis of esters by ricinus lipase. 


. Percentage hydrolysis on the 


Esters. stday. andday. 3rd day. 4th day. Sth day. 6th day. 
n-Butyl propionate 20.4 24.7 31.2 34.5 33-6 = 
a we fe 18.9 23-5 30.9 340 33.2 _ 
tert. ., a 18.2 22.8 29.7 33-7 31.8 _ 
n-Butyl butyrate 21.2 23.8 30.9 33-7 32.3 —_— 
S€C. 4, ” 20.5 22.9 29-7 33-1 31.9 _ 
sere.’ ,, ”» 19.8 217 29°5 32.8 32.3 — 
n-Amyl propionate 14.9 25.8 33-7 32.5 _ 
SCC. yy os 13.8 24.7 30.8 31.5 31.2 - 
tert. ,, * 12.9 23.6 289 31.0 30.7 -- 
n-Amy] butyrate 19.8 28.1 29.2 31.2 30.5 —_ 
608.) 5, a 18.5 26.2 28.5 30 § 29-7 — 
tert. ,. ‘ 17.8 24.9 27.6 29.8 28,1 - 


From Table I, it is found that in case of butyl as well as amyl esters of propionic 
and butyric acids, the percentage hydrolysis decreases in the order: normal, secondary 
and tertiary ester. There is a marked difference among the primary, secondary 
and tertiary esters, in which the structure of the alcohols is different, which 
will help us to differentiate among primary, secondary and tertiary esters. It can 
also be seen that in each case, the percentage hydrolysis depends only on the nature 
of the alcohol and not on the number of carbon atoms in the acid as the percentage 
hydrolysis only changes with the nature of the alcohol and remains almost the same with 
the change in the number of carbon atoms in the acid. 
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SUPERSATURATION LIMITS IN NON-AQUEOUS SOLUTIONS. PART II 
By A. C. CHarrery:, A. N. Bose anp R. D. SRIVASTAVA 


It has been observed that for the solutions of the satne solute in different solvents, the effect of 
heating is different. It is suggested that solutions contain particles which act a* adsorbents and adsorb 
solute. Duting the process of heating these solute particles go into the solution and hence heating 
effect is observed. Further, for the solutions of the same solute in different solvents amount of solute 
adsorbed is different, and hence heating effect is different. In solutions where no solute is adsorbed 
by the adsorbate, heating effect is not observed. This hypothesis is supported by the experimental 
results obtained on the adsorption of different solutes by bone charcoal from the solutions, in different 


solvents. 


In a previous communication (this Journal, 1949, 26, 94) it has been observed that 
the effect of heating is different for the solutions of the same solute in different solvents. 
No explanation was suggested for this behaviour. In the present paper an attempt 
has been made to explain this behaviour by the adsorption hypothesis of Richards (J. 
Amer. Chem. Soc., 1932, 54, 482) and Richards, Kirkpatrick and Hutz (ibid., 1036, 
58, 2243). According to Richards liquid may be supposed to contain particles which 
may act as adsorbents and adsorb liquid or the solid crystals depending upon the previous 
treatment. Thus, if some crystalline particles are adsorbed by the adsorbate and do not 
go into the melt during the process of heating, then these adsorbed crystals will help in 
the process of crystallisation in the supercooled region of the melt. If the substance 
is heated much above its melting point, then the adsorbed crystals on the surface of the 
adsorbate melt and the adsorbate also loses its activity of forming crystal nuclei 
and the melt shows heating effect. 


ExPERIMENTAL 


Experimental method for determining adsorption will be published elsewhere. 
Experimental work has been done by one of the authors (R. D. S.) on the adsorption 


of the same solute from the solutions in different solvents by bone charcoal. A 
summary of the results obtained is given in Table I. 
TABLE I 
Solvent . Solute. Sorption T°s. Temperature of Remark. 
(m. moles/litre ). crystallisation. 

CCl Naphthalene 29-3 50° 46.5", 46.5", 47.0° No heating 
Toluene ” se 17-4 55° 48.5°, 48.0", 48.2° Do 
Chlor obenzene ” 9» 17.3 55 51.0", 51.0%, 51.5. Do 
Benzene a 30.5 an° 49-4°, 48.5", 48.0" Little heating 
n-BuOH i. ole 122.8 55° 42.0°, 39-5" 36.0° Heating 
EtOH ~—_e 110.3 55° 48.2". 43-4°, 44.0" Do 
n-PrOH oo 96.6 55° 48.5", 390°, 42.0" Do ' 
MeOH oo 79-6 50° 46.0°, 45.0°, 45.0° Little heating 
Acetic acid a 59.1 50° 43-5°» 36.5°, 35-5° Heating 
Nitrobenzene Benzoic acid 29.9 _ 39-4. 39-4, 39-5, No heating 
Acetone ie 42.3 57° 44.4°, 37.6", 35.0" Heating 
m-Xylene ae 45 0 55° 53-0°, $1.6", 50.5° Do 
Toluene — 53-7 55° 36.0°, 35.0°, 33.0° Do 
Benzene ait leg 66.9 55° 47.0°, 45.08 42.0 Do 
o-Xylene i in 83.5 —_ 542°, §2.0°, 48.0° Do 

103.0 _— 48.6°, 45.8°, 45.2 Do 


CCl, are 
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From the results given it is observed that in solutions where the adsorption is 
high, heating effect is observed. Probably it is due to the fact that in supersaturated 
solutions the particles of solute are adsorbed by adsorbate in crystalline state and they do 
not go into solution. When a clear solution is observed, even then afew solute particles 
remain in the adsorbate. As.the solution is cooled below the saturation temperature, 
adsorbed solid crystals grow and form large crystals. But if the solution is heated 
for a long time above its saturation temperature, the adsorbed crystals dissolve 
and thus the adsorbate loses its activity of starting the process of crystallisation and 
hence {T,-T) increases with the frequency of heating and cooling. Once these adsorbed 
crystals get out of the adsorbate, it takes long time for rearrangement. 

This hypothesis explains the phenomenon of heating effect in solution as well as 
in the different solutions of the same solute having different amounts of heating effect. 

One of the authors (R, D. S.) is thankful to the Scientific Research Grants Committee 
(U, P.) for the grant of a research fellowship which has met a part of the expenses incurred 
in this investigation. 
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A DIAMINODINAPHTHYL SULPHIDE 


J. W. ArRAN AND D. M. KULKARNI 


2:2’-Diacetoxy-6 :6’-dinitrodinaphthyi sulphide has been reduced with tin and HCI to yield amino- 
naphthol. 


8-Naphthylamine was treated with sulphur monochloride by Airan and Shah 
(this Journal, 1946, 22, 360), and the compound obtained was assigned the following 
structure 


The original idea was to see if a diaminodinaphthy]l sulphide could be obtained, 
analogous in structure to 2:2’-dihydroxydinaphthyl sulphide, prepared by Henrique 
(Ber., 1894, 27, 2993). 

The same problem was then tackled indirectly when, as communicated earlier 
(this Journal, 195t, ‘28, 211),  2:2'-diacetoxy-6:6'-dinitrodinaphthyl sulphide was 
prepared by the present authors. 

The present communication deals with the reduction of this nitro derivative. 
The reduction by tin and hydrochloric acid appears to break the sulphur linkage in 
addition to reducing the nitro groups. A milder procedure according to the method of 
Morgan and Mickletwait (J. Chem. Soc., 1912, 101, 151), however, reduced the nitro 
groups retaining the sulphur linkage in tact. 


ExPERIMENTAL 


2:2'-Dihydroxy-6:6'-diaminodinaphthyl Sulphide.—(1). Powdered 2:2/-diacetoxy- 
6:6’-dinitrodinaphthy! sulphide (5 g.) was mixed thoroughly with zinc dust (7 g.). To 
this were added 95% alcohol (50 c.c.) and ammouium chlo. ide (1 g.} dissolved in water 
(5 c.c.). This’mixture was refluxed on a water-bath for , hours, and the clear red 
solution was filtered hot. The filtrate on dilution gave a red-brown solid which did 
not melt. 

Cold dilute hydrochloric acid was added to this solid and stirred, when its colour 
changed'to green. The mixture was slightly warmed and filtered. The green solid 
(2 g.) was repeatedly washed with cold benzene, when a portion remained insoluble, 
whereas the portion which dissolved in benzene crystallised from it as a yellow com- 
pound, m.p. 223-24°; mixed m. p. with 2:2'-dihydroxy-6:6/-dinitrodinaphthyl 
sulphide showing no depression, thus indicating that only deacetylation had taken place. 
The portion, insoluble in benzene, was crystallised from alcohol, m.p. 193-94°. 
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It contained both nitrogen and sulphur. It is also soluble in acetone and acetic acid. 
(Found : S, 9-3. CaoH,.02N.S requires S, 9.19 per cent). 

(II). 2:2’-Dihydroxy-6:6'/-dinitrodinaphthyl sulphide (5 g.) was mixed with zinc 
dust (7 g.) and refluxed on a water-bath for 3 hours with the same amount of alcohol and 
ammonium chloride as taken previously. ‘The subsequent treatment was also the same 
as on the previous occasion. This also ultimately yielded a green compound (1.5 g.-) 
insoluble in benzene, and soluble in alcohol, m.p. 193-94°. Its mixed melting point 
with similar compound obtained as in (I), remained undepressed. When coupled 
with 8-naphthol it gave a product, m. p. 263-65°, containing no sulphur. 

After the reduction, also some unreacted 2:2/-dihydroxy 6:6’-dinitrodinaphthyl 
sulphide could be recovered. 

6-Amino-2-Naphthol .—(A). To 2:2'.diacetoxy-6:6'-dinitrodinaphthy] sulphide (5 g.) 
were added granulated tin (20 g.) and pure concentrated hydrochloric acid {20 c.c.) 
and the reaction mixture refluxed on a wire gauze. Within half an hour an orange solu- 
tion was formed. More hydrochloric acid (20 c.c.) was added and refluxing continued 
for 34 hours. The reaction mixture was filtered hot through cotton wool, and allowed 
tocool. The solution became turbid on cooling. It was then diluted and the tin 
completely removed by passing hydrogen sulphide. The yellow colour of the filtrate 
changed to red on the addition of ammonia, and a violet coloured solid separated out. 
It contained nitrogen, but no sulphur, m.p. 190-95° (Ber., 1906, 39 3006). 

(B). 2:2/-Dihydroxy-6:6'-dinitrodinaphthyl sulphide was aiso similarly reduced 
with tin and hydrochloric acid. ‘The hydrochloride of the reduction product was 
crystallised from water, m.p. 229-230°. 


This latter compound ou treatment with dilute ammonia gave a violet compound, con- 


taining no sulphur, m.p. 192-194°. It was identical with the violet compound obtained 


in (A) above. 


CHEMISTRY DEPARTMENT, 
RAJARAM COLLEGE, KOLHAPUR. Received September 29, 1950. 














{Jour. Indian Chem. Soc,, Vol. 28, No.6, 1951] 


LECHER’S DISULPHIDE FROM TETRAMETHYLTHIOCARBAMIDE. 
CONSTITUTION OF ‘FORMAMIDINE DISULPHIDE’ 


By R. H. SAHASRABUDHEY 


The supposed disulphide oxidation product of tetramethylthiocarbamide has been shown to be 
derived from a single molecule of the latter. Its properties indicate structural analogy with ‘‘formam- 
idine disulphide"’, the oxidation product of NHz. CS. NHg. 

By the oxidation of tetramethylthiocarbamide Lecher reported (Annalen, 1925, 445, 
36, 51) formation of a disulphide (I) analogous to ‘“‘formamidine disulphide’, the 
oxidation product of thiocarbamide (J. Chem. Soc., 1912, 101, 2166). Since a thiol 
form, conventionally necessary for disulphide formation on oxidation, is not possible by 
tautoimerization in the case of tetramethylthiocarbamide, to explain disulphide formation, 


Lecher assumed co-ordination of a H by the sulphur of this compound forming a 


8 ®@ 


potential—S H prior to oxidation. An ammonium type of structure was assigned 
to this compound on the lines of S-methyl derivative of tetramethylthiocarbamide (loc.cit.), 
S 
(i) 2Me,N.C. NMe,.+2 HX -—>2 Me.N.C. NMe,+2 X 
I I 


Ss SH 
ie) 
‘S) 
(ii) 2 Me,.N.C.NMe, + 0+ 2X ® e>) =) 
I ————>| Me.N. C (:NMe.)S.S.(Me.N:)C.NMe, |, 2X +H.0. 
SH* (T) 


In view of the evidence of non-formation of disulphides from aromatic thiocarbamides 
(this Journal, 1945, 22, 37) and author’s work (ibid., 1951, 28, 119) showing that 
‘formamidine disulphide’ itself is probably built from a single molecule of thiocarbamide, 
it was of interest to re-examine the question of the constitution of ‘disulphide’ (1). 

Following Lecher’s procedure, as well as by the action of bromine and chlorine on 
tetramethylthiocarbamide in benzene or chloroform media, perchlorate, bromide and 
chloride of the ‘disulphide’ have been obtained. Behaviour of these salts towards 
iodine, potassium iodide, acids and alkalies is similar to ‘formamidine disulphide’ salts. 
But, they are in general stabler than the latter, and although they also ‘hydrolyse’ 
completely in an aqueous medium generating free acids, this change is comparatively 
slow and tends to be complete at much greater dilution. From these facts it is clear 
that the constitution of Lecher'’s ‘disulphide’ salts (I) and of ‘formamidine disulphide’ 
salts must be analogous (vide Sahasrabudhey this issue, p. 309), with such finer differences 
as could be explained by the presence of four methy! substitueuts in the former, 

Molecular weight of the hydrobromide (I, where X is a Br) was determined 
by the freezing point method using glacial acetic acid. In three separate 
experiments it was found to be 206, 214 and 226 which values are in close agreement 
with 2r2. required for (CSN.Me,)Br. It is concluded therefore that Lecher’s 
‘disulphide’ oxidation product from tetramethylthiocarbamide is not a true disulphide 
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but has been formed from a single molecule of thiocarbamide. The great similarity 
of its properties. with those of “formamidine disulphide’ suggests structural analogy 
with the latter (vide this issue p. 309) ; this is being examined separately. 

Since the ‘disulphide’ can be obtained by the oxidation of the thiocarbamide with 
bromine or chlorine in a non-acidic, indifferent solvent medium, like benzene, it is 


® 


evident that the formation of a-SH group by co-ordination of H does not precede 
oxidation as postulated by Lecher. 


ExPERIMENTAL 


Tetramethylthiocarbamide was prepared by the regulated decomposition of 
tetramethylthiuram {disulphide by gradual heating up to 200° in a flask fitted with an air 
condenser. The reaction can be represented as 


Me 


Me Me Me 
N.C.S.S.C.N a yn.c.n€ +CS, +S 
Me Me | 


I I Me | Me 
S S S ; 

The thiocarbamide was purified by crystallisation from water, m.p. 78°. 
(Found : N, 20.94; S, 24.0. CSN.Me; requires N, 21.2; S, 24.24 per cent). 


Preparation of Tetramethylformamidine Disuiphide Salts 


Perchlorate of the disulphide was prepared according to Lecher’s procedure 
(loc. cit.). On sow crystallisation, large transparent, hexagonal plates were obtained 
which were found to answer the description given by Lecher. 

Bromide.—Tetramethylthiocarbamide was dissolved in benzene and a _ benzene 
solution of bromine was gradually added. A white garanular mass was initially preci- 
pitated which on addition of more bromine turned yellow and then red and finally 
dissolved giving a red solution. For the preparation of the hydrobromide, the addition 
of bromine was stopped as soon as the precipitate took a pale yellow colour. It was 
filtered out and to the filtrate more of the bromine solution was added when a further 
lot of precipitate was thrown down. By repeating this process a number of times, 
crude bromine derivative of the thiocarbamide was obtained. On standing it discharged 
its pale yellow colour and a white powder was left (cf. behaviour of the bromine-addition 
product of the thiocarbamide}. This is the hydrobromide ; it is easily soluble in water, 
alcohol and acetic acid, but is insoluble in benzene and chloroform. It was crystallised from 
rectified spirit, m.p. 143-44°. ,(Found : Br, 37.5. CSN,Me,Br requires, Br, 37°73 
per cent.) 

Hydrochloride.—If instead of bromine a stream of chlorine is passed in benzene 
solution of the tetramethylthiocarbamide, a white precipitate is formed at first which 
redissolves on further passage of chlorine giving a pale yellow solution. The white 
precipitate is the crude hydrochloride; crystals from alcohol, m.p. 110°. 

General Properties of the Salts.—The above salts are freely soluble in water but 
do not dissolve in organic solvents like benzene or chloroform. They are, however, 
soluble in alcohol and glacial acetic acid. Their aqueous solutions are strongly acidic’ 
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and the acidity can be titrated with alkali. The equivalent weight of the bromide 
and hydrochloride, so determined, agree within experimental limits with CSN,Me, Br 
and CSN,Me,Cl, viz., 212 and 167.5. They liberate iodine from an aqueous solution of 
potassium iodide. 

All these properties indicate close similarity with formamidine disulphide (salts). 
Influence of various factors e.g.,. dilution, concentration of K1, addition of acids and 
the dielectric constant of the medium on its behaviour towards aqueous potassium iodide 
has been investigated in detail. There is an overall similarity with ‘formamidine 
disulphide’ salts. These results are being discussed separately. 


Molecular Weight Determination 


(i) 0.6700 g. of the bromide, dissolved in 20 c.c. glacialacetic acid, gave a depression 
of 0.50° which corresponds to 226.2. 
* (ii) To the above solution 10 c.c. of glacial acetic acid were added ; depression 
found 0.40° corresponds to 206.4. 

(iii) 0.2548 g. of the bromide in 20 c.c. glacial acetic acid gave a depression of 
9.22° which corresponds to 214. 

(iv) 0.1458 g., dissolved in 20 c.c. glacial acetic acid, gave a depression of 0.15° 
which corresponds to 180. 

On ageing of the solution low values were obtained indicating decomposition of 
the compound. 
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POTENTIAL ANALGESICS. PART I. SYNTHESIS OF SUBSTITUTED 
4-QUINAZOLONES 


By I. K. KacKerR AND S. H. ZAHEER 


Using the concept of quarternary carbon and tertiary nitrogen in A-relationship to each other in 
a molecule, as an cptimal and perhaps an essential feature of potent analgesics; seventeen substituted 
4-quinazolones have been synthesised as intermediates in the preparation of substituted 4-quinazolinols 
and their esters for testing their analgesic activity. 


A comparative study of the structures of morphine, pethidine and methadone 
reveals that the only feature common to all these, is the presence of the tertiary nitrogen 
atom and a quarternary carbon in §-relationship to it. Using the concept of quarternary 
carbon and tertiary nitrogen in 8-relationship to each other, as an optimal and perhaps 
an essential feature of potent analgesics (Eddy, J]. Amer. Pharm. Assoc., 1950, 89, 247) 
work has been undertaken to synthesise substituted 4-quinazolones having two tertiary 
nitrogen atoms in their molecule and also to change them into 4-quinazolinols and 
their esters which would, in addition, have a quarternary carbon in §#-relationship 
to one of the tertiary nitrogen atoms. Both these groups of compounds will be tested 
for their analgesic activity. 

As a first step, the present paper reports the preparation of some substituted 4-quin- 
azolones obtained by the general method worked out by Grimmel, Guenther and Morgan 
(J. Amer. Chem. Soc., 1946, 68, 542) by condensing N-acetyl-, N-n-propionyl- or N-n- 
butyryl-anthranilic acid with aniline, ortho-, meta- or para-toluidine, ortho-or para- 
nitroaniline or «- or 8-naphthylamine in the presence of phosphorus trichloride (cf. Sen 
and Sidhu, this Journal, 1948, 25, 437; Sen and Upadhyaya, ibid., 1950, 27, 40). 
N-acetylanthranilic acid was prepared by the action of acetic anhydride on anthranilic 
acid, suspended in benzene (Kauffmann, Ber., 1909, 42, 3482). N-n-Propionyl- and 
N-n-butyryl-anthranilic acids were obtained by the oxidation of the corresponding N- 
substituted o-toluidines with potassium permanganate (cf. Pictet and Duparc, Ber., 
1887, 20, 3421). The method has been worked out in detail and quantitative yields 


of these acids have been obtained. 


ExPERIMENTAL 


N-n-Propionylanthranilic Acid.—N-n-Propionyl-o-toluidine (15 g.) was oxidised by 
heating with potassium permanganate (60g.) in a litre of water in a 2-litre flask over a 
steam bath. ‘The permanganate was added in two equal lots, the second lot being added 
only when the first one was completely used up. After decolorisation of the second 
lot was complete (4-6 hours), the manganese dioxide formed was filtered off. The 
filtrate was concentrated to a small volume, cooled in ice and acidified with cold 
concentrated hydrochloric acid. The precipitated acid was collected on a Buchner 
funnel, washed with a small quantity of ice-cold water and dried, yield 15 g. (nearly 
quantitative). On recrystallisation from hot water it gave white needles, m. p 116-17°. 
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N-n-Butyrylanthranilic Acid.—N-n-Butyryl-o-toluidine (15 g.) was oxidised with 
60 g. of potassium permanganate exactly as above, yield 14.5 g. (nearly quantitative). 
It was redissolved in cold dilute sodium carbonate and reprecipitated with hydrochloric 
acid as white needles, m.p. 109-10° (Heilbron and Bunbury reported m.p. as 89°, 
“Dictionary of Organic Compounds’, Vol. I, 1946, p. 167). (Found: N, 6.56. 
Cale. for C,,H:;s0,;N: N, 6.76 per cent). 

2-R,-3-R,-4-Quinazolone: General Procedure.—In a three-necked 500 c.c. flask, 
fitted with a reflux condenser, a dropping funnel and a mechanical stirrer, 0.05 mole 
N-acylanthranilic acid was covered with 0.05 mole of pure R,-amine, dissolved in 80 c.c. 
of dry toluene. Phosphorus trichloride (0.017M) in 12 c.c. of dry toluene was 
added dropwise during the course of 15 minutes. The contents of the flask were then 
refluxed for 2 hours in an oil-bath at 130°-135°. The stir ring must be efficient, other- 
wise, a thick mass settles at the bottom and the yield is lowered. The reaction mixture 


TABLE | 
; 8 
an — > 
c >@ 
= — = - Nitrogen. 
Reactants 2-R)-3-Re-4-Quinazolone. ° os 3 Found. Calc. 
oY as = | 
. "hes = 5 
= = > 7 
A and o-toluidine R,=methyl-; R,=0-tolyl- 115-16° 248-50° 48% CysHyON, 11.45% 11.20% 
A and m-toluidine R,=methyl-; R,=m-tolyl- 126° 250-52° 60  CysgHyON, 11.68 II.20 
B and aniline R, =ethyl-; R,=phenyl- 126-27° 212-14" 80 CyesHyON, 10.80 II.20 
B and o-toluidine R,=ethyi- ; R;=0-tolyl- 94-95° 195-96° 49 Ci7HisON, 10.37 10.60 
B and m-toluidine R,=ethyl- ; R,=m-tolyl- 131-32° 211-12" 53 CyrHyONe 10.41 10.60 
B and p-toluidine R,; =ethyl-; R,= p-tolyl- 162-63° 218-20° 74 CyHON, 10.40 10.60 
B and o-nitroaniline R,=ethyl-; R,=0-nitro- 167-68° 193-95° 71 Cy6H)303N3 13.83 14.27 
phenyl- 
B and p-nitroaniline R,=ethyl-; Ry=p-nitro- 194-95° 223-24° 74 Ci6Hj;03N; 13-70 14.27 
pheny|- 
B and a-naphthyl- R,=ethyl- ; R= a-na- 143-44° 214-16° 71 CopHysONg 9-40 9.33 
amine phthyl- 
B and 8-naphthyl- R, =ethyl-; R,=-B-na- 138-39° 194°95° 75 CaoHisON, 8.93 9-33 
amine phthyl- 
C and o-aniline R,=n-propyl-; Rg=phenyl- 120-21° 202-3" 67 Cj7HON, 10.82 10.60 
C and o-toluidine R,=n-propyl-; Ry=4-tolyl- Sticky 199-200 52* CigH\gON 3 g.21+ 8.got 
solid HCl 
C and m-toluidine R,=n-propyl-; R,=m-tolyl- 80-81° 176-77° 54 CygH)sONg 9.68 10.07 
C and p-toluidine R,=n-propyl.; Rg=p-tolyl- 144-45° 176-77° 74 CygHigON, 10 57 10.07 
C and o-nitroaniline Original amine recovered _ —_ = _ ia = 
C and p-nitroaniline R,=n-propyl-; ~ ar 159-60° 191-93° 76 C)7H)503N3 13-91 13.59% 
phenyl- 
C and a-naphthy!l- R,=n-propyl-; R,=a-na- 131-32° _ 64 Cy, HON, 8.40 8.91 
amine phthyl- 
C and &-naphthy!l- R,=n-propyl-; Rg=o-naph- 126-27° 187-88° 64 Cg,HigON, 9.23 8.91 
amine thyl- 
A=N-Acetylanthranilic acid. B=N-n-Propionylanthranilic acid. C=N-n-Butyrylanthranilic acid 


* As hydrochloride + Based on hydrochloride. 
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was then transferred to a larger flask and made alkaline with 10% solation of sodium 
carbonate (about 1o0o.c.c.) and the toluene removed by steam distillation. After 
cooling, the supernatant liquid was either filtered or decanted off. The products 
formed, starting with aniline, p-toluidine or o-or p-nitroaniline, solidified at this stage 
and were collected ona Buchner funnel. Others, formed from o- or m-toluidine or a- 
or §-naphthylamine, were semi-solid and were isolated as solids after triturating it.with 
a little alcohol or as crystalline hydrochlorides by passing dry hydrogen chloride in 
an alcoholic or ethereal solution of the semi-solid product. ‘The bases were regenerated 
by treating the hydrochlorides with cold dilute ammonia and recrystallised from dilute 
alcohol. The hydrochlorides of all other bases were also prepared as described above. 
The data about quinazolones, thus prepared, are given in Table I. 

The authors express their grateful thanks to Dr. A. C. Chatterji for laboratory 
facilities offered at the Lucknow University and Dr. G. S. Sidhu for his keen interest 
and help in carrying out this work. 
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MONO-BIGUANIDE AND HETEROCHELATE COPPER COMPLEXES 
By BAsupgs Das SARMA AND PRIYADARANJAN RAy 


The isolation of two series of entirely new types of 4-co-ordinated copper complex, in the pure 
state, has been described. These are of the type [(X) .Cu.(A)] and {(B).Cu.{4)] where A and B repre- 
sent molecules of two different bifunctional ligands, and X is a neutral molecule like H,O or a 
negatively charged ion like Ci’cr 4SO,4”. The mono-biguanide and glycine-biguanide complexes of 
copper represent these two interesting types of four co-ordination compounds. 

The constitution of these compounds has been discussed in the light of their physical and chemical 
properties including a study of their magnetic susceptibilities and absorption spectra. 


While examining the validity of Bjerrum’s stepwise dissociation theory (Bjerrum, 
“*Metalammine formation in aqueous solution’, P. Haase & Son, Copenhagen, 1941) 
in the case of inner-metallic complexes of the third order (cf. Ray and Dutt, this Journal, 
1945, 25 564), it was observed that the 4-co-ordinated copper biguanides exhibited a very 
interesting phenomenon. ‘The violet colour of the copper-bis-biguanide complexes in 
aqueous solution was found to change gradually to deep blue with progressive addition of 
an acid, while an excess of the acid destroyed the deep colour, the solution attaining the 
faint greenish blue tinge of the hydrated copper ion. This colour change may be 
explained on the basis of stepwise decomposition as follows :— 


[Cu (BigH),]** +H* 7” [Cu (BigH)]** + BigH,* 


[Cu (BigH)]** +H* >” Cu**+BigH,* 
where BigH=one molecule of biguanide=C.N;H; 

The deep blue colour developed in acid solution invariably indicates the appearance 
of a new entity, presumably a copper mono-biguanide complex. 

From the physico-chemical studies (to be communicated shortly) of the bivalent 
metal biguanide complexes in aqueous acid solution, it was evident that the mono-bigu- 
anide complexes are more stable in acid Solutions than their corresponding bis-biguanide 
analogues, particularly the complex copper compounds. The fact that nickel bis- 
biguanide complexes do not exhibit such colour transitions in aqueous acid solution 
can be explained on the basis that nickel mono-biguanide complexes, if at all formed, 
are not appreciably more stable than their bis-biguanide analogues. The nickel 
biguanide complexes in general were also found to be less stable than the corresponding 
complexes of copper. 

The isolation of a number of the intermediate, apparently co-ordinatively unsatura- 
ted copper mono-biguanide complexes in the pure solid state, under controlled px 
values of the solution, has been described in the present paper. This undoubtedly 
confirms the validity of Bjerrum’s (loc. cit.) stepwise dissociation theory so far as it 
refers to the case of bi-positive copper biguanide complexes. 

In the chemistry of four-co-ordinated complexes no compound has been described 
in literature where different chelate molecules are associated with a single metal jon 
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to yield a mixed inner complex of the type 
[M: $1; 
usually the type [ MA.] or [MB,] are formed where A and B are bifunctional groups 
like dimethylglyoxime, hydroxyaldehydes, diamines, =2-dipyridyl, 8-ketonic esters, 
biguanides, amidines and the like. 
With the isolation of mono-biguanides of copper, which may be represented on the 
basis of Werner’s theory as diaquo- or dichloro-complexes of the type 


[cu: SJ, 


where A is a bidentate ligand and X, a neutral molecule like H,O or a univalent negative 
ion like Cl~, the possibility of preparing four-covalent heterochelate complexes of copper 
of the type 


[Cu: a. 


with A and B as both bifunctional but different ligands, suggested itself. Loss of 
symmetry and steric hindrances that may arise therefrom are, however, likely to increase 
the instability of such complexes, rendering them often incapable of isolation in the 
pure state. 

A suitable chelating molecule, which is known to form characteristic copper complex 
of the inner-metallic typ:, is found in the a-amino-acids. ‘The acid decomposition 
constants of copper mono-biguanide and mono-glycine were found on examination to be 
almost equal in magnitude. 

Hence, it was reasonably expected that glycine and other lower members of the 
amino-acid series might favourably occur together with biguanide in a heterochelate 
complex. This has indeed been realised in the present case of copper-biguanide 
amino-acid complexes. 

The mono-biguanide and heterochelate copper complexes represent entirely new 
types of co-ordination compounds in as much as the essential symmetry attainable with 
two identical bidentate chelates breaks down in these cases. It was, therefore, considered 
interesting to measure the magnetic susceptiblity and determine the absorption spectra 
of these compounds with a view to establish their nature. 

Susceptibility measurements were made in a Gouy’s balance with field strength of 
9.3610 gauss. The results show that the mono-biguanide complexes have a compara- 
tively low moment value of 1.75-1.81 than the glycine-biguanide complexes (1.83-1.94). 
With correction this difference might have possibly been more or less rigidly defined. 

It may, therefore, be tentatively suggested that the mono-biguanide copper complexes 
are of the penetration class with dsp* hybrid bonds, while the glycine-biguanide 
complexes belong to the associated type with sp*d hybrid bonds resonating with ionic 


ones. 

The absorption spectrum of the copper mono-biguanide chloride together with those 
of bis-biguatiide chloride and copper chloride shows that a definitely new species of 
co-ordination complex has been formed in the case of the mo~o-biguanide compounds 
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Fig 1. Solution taken ina Baly’s tube ; thickness of the liquid column=30 mm. 


exposure = 25 seconds. 
(a! and (f), iron are. 
b) Copper bis-biguanide chloride {(M/20) ; absorption in the region 5688 & to 
4600 & and beyond 4ovo 4. 
(c) Copper chloride (M20) ; absorption beyond 4000 R. 
Copper mono-biguanide chloride (M/10) ; absorption above 5700 4. 
(e) Mixtures of equal volumes of copper chloride (M/ro) and copper bis-biguanide 
chloride ‘M/10} ; absorption in the same region as in (d:, but less pronounced. 


Fig. 2. Solution taken in a double compartment cell. 

(a), ‘b) and (c) refer to copper mono-biguanide (M /20) in both compartments ; time 
of exposure is 40, 30, and 20 sec. in (a), (b) and (c) respectively. 

Absorption above 5700 & in (a) and above 5600 & in ‘b) and ‘c}. 

Copper bis-biguanide chloride (M/20) in one compartment & copper chloride in the 
other. Time of exposure is 20, 30 & 40 sec. in (d), ‘e) and (1) respectively. 


Absorption in the region, 5670 to 4600 A. 


Fig 3. Solution taken in a Baly’stube. ‘Thickness=30 mm. Exposure=2o0 sec 

(a) and (f}, iron arc. 

(b) Copper bis-biguanide chloride (M/20) ; absorption in the region, 5688 to 4600 A, 
and 5870 to 5700 A (slight) 

‘c) Copper glycine (M/20)} ; absorption beyond 4150 & and above 5700 g. 

(d) Copper glycine-biguanide chloride {‘M;10); absorption above 48004 and beyond 
4150 R. 

(e) Mixtures of equal volumes of copper glycine (M;10) and copper bis-biguanide 
chloride (M/10) ; absorption same as in (d! but less pronounced. 


1777P—6. ] [Facing page 340] 
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bis-ethylbiguanide chloride, copper chloride, and hydrochloric acid and recrystallised 
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(cf. Figs. r and 2.). It is formed in appreciable quantities by mixing the latter two salts 
in molecular proportions. The alternative method of representing them as copper bis- 
biguanide cuprichloride or molecular compounds of copper bis-biguanide chloride and 
copper chloride is hereby excluded. The preparation of a series of salts of the. mono- 
biguanide copper complex is an additional evidence in support of this view. 

The case of copper glycine-biguanide. chloride is somewhat different in as much 
as the absorption spectrum of this compound seems to some extent to be due to the 
superimposition of the absorption bands of copper bis-biguanide chloride and copper- 
glycine. This indicates that the compound may as well be a weak complex of the 
associated type, or a mere double compound, as is supported by magnetic data. But, 
the isolation of a number of halide salts like chloride, bormide, iodide, etc, its low 
solublity, and its stability in aqueous solution permitting recrystallisation from hot water, 
appear to militate against that view. 


EXPERIMENTAL 


Copper Mono-biguanide Chloride.—Copper bis-biguanide (1 g.) was dissolved in 
20 c.c. of hot water and treated dropwise with dilute hydrochloric acid (1:4) till a deep 
blue coloured solution was obtained with a ft, value of 3.5-4.5. This was filtered and 
allowed to crystallise in the cold. Shining deep blue crystals of the copper mono- 
biguanide chloride separated. ‘The crystals were washed with small portions of cold 
water (containing 1 c.c. of 0.1 M-HCI per litre) and dried in air. The substance suffers 
dismutation in aqueous solution with the formation of bis-biguanide complex (vide infra), 
but can be recrystallised from hot dilute hydrochloric acid {0.001M). {Found: Cu, 
23.46; N, 25.90; Cl, 26.19; H.O (by loss of wieght at 105°), 13.24. [Cu(BigH)]Cl,, 
2H,0 requires Cu, 23.50; N, 25.87; Cl, 26.25 ; H.O, 13.36 per cent}. where BigH=one 
mol. of biguanide=C,N,H, 

Copper Mono-methylbiguanide Chloride.—Copper bis-methylbiguanide chloride 
(1 g.) was dissolved in 20c.c. of water by heating on the water-bath. The deep 
red-violet solution was mixed with a solution of copper chloride (0.5 g. in 5 c.c. water). 
This was then treated dropwise with 5c.c. of hydrochloric acid (0.1 M). ‘The deep 
blue solution was concentrated on the water-bath to about 20 c.c. and then filtered hot. 
The product, which separated on cooling, was recrystallised from hot dilute hydro- 
chloric acid (fs-3-5) and the deep blue crystals were washed and dried as before. {Found: 
Cu, 25.63; N, 28.15 ; Cl. 28.50. [Cu (Me-BigH] Cl, requires Cu, 25.45 ; N, 28.05; Cl, 
28.45 per cent} where Me-BigH =one molecule of methylbiguanide=CH,.C,N,;H,. 

Copper mono-methylbiguanide sulphale was prepared like the previous compound 
using the corresponding sulphates and sulphuric acid in place of chloride and hydrochloric 
acid. The shining blue crystals decompose in water with the separation of red-violet 
copper bis-methylbiguanide sulphate and the formation of copper sulphate by 
dismutation. {Found: Cu, 20.50; N, 22.39; SO., 30.89 ; H,O (by loss of wt. at 105°), 
11.70. ‘[Cu(Me-BigH) ]SU,,2H,O requires Cu, 20.45; N, 22.54; SO,; 30.91; H.O, 
11.60 per cent}. 

Copper mono-ethylbiguanitde chloride was prepared in a similar manner from copper 
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from dilute hydrochloric acid (px 3-4) as deep blue shining crystals.’ {Found: Cu, 
23-40; N, 25.82; Cl, 26.07: [Cu (Et-BigH)] Clh,o.5H,U requires Cu, 23.33; N, 25.73; 
€l, 26.09 per cent}. 

Copper mono-dimethylbiguanide chloride was prepared following the same procedure 
as given above from the corresponding bis-biguanide chloride. It forms deep blue crystals. 
fFound: Cu, 23.24; N, 25.80; Cl, 26.06. [Cu(Me,-BigH)]Cl,.o.5H,O requires Cu, 
23-33; N, 25.73; Cl, 26.09 per cent }. 

Copper mono-dimethylbiguanide sulphate was prepared in the same way as the com- 
plex chloride under controlled px (3-4) by adding a suitable quantity of dilute sulphuric 
acid (25 c.c. of o.1 N-H,SO,) to a solution of the bis-dimethylbiguanide copper sulphate 
(a g-) and copper sulphate (1 g.). ‘The substance froms fine blue crystalline powder. 
{Found; Cu, 21.24; N, 23.58; SO., 32.60. [Cu(Me,-BigH)]Cl,, 0.5 H,O requires 
Cu, 21.34; N, 23.53: SO,, 32.28 per cent }. 

Copper Mono-diethylbiguanide Chloride.—Copper bis-diethylbiguanide chloride under 
similar treatment as in the previous cases yielded this compound as a biue powder. 
This was washed and dried as usual, {Found: Cu, 21.24; N, 23.36; Cl, 23-73. 
[Cu(Et,-BigH)] Cl, o.5 H,O requires Cu, 21.13; N, 23.39; Cl, 23.63 per cent }. 

Copper Glycine-biguanide Chloride.—Copper bis-biguanide chloride‘3.7 g.) was 
dissolved in warm water {20 c.c,) and the solution was treated with a mixture of copper 
chloride (1.7 g.) and glycine ‘1.5 g.) in solution.. The deep blue solution was filtered and 
the filtrate was concentrated on the water-bath to half its original volume. On cooling, 
deep blue-violet crystals separated out. ‘The product was recrystallised from hot water 
(C,N3H;) 


(C,NO,H,) 
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and dried in air. { Found: Cu, 21.19; N, 28.02 ; Cl, 11.85. [cs ! Cl, 1.5 H,O 


requires Cu, 21.10; N, 27.91; Cl, 11.80 per cent }. 

Copper Glycine-biguanide Bromide.—To a hot solution of copper glycine-biguanide 
chloride (1g. in 50 c.c, water), a solution of potassium bromide (1 g, in ro c,c. water) 
was added. The solution was warmed for a few minutes and then filtered hot. The 
filtrate, on cooling, deposited the fine blue-violet crystals of the complex bromide. ‘This 
was recrystallised from hot water containing a little bromide and dried in air. {Found: 

(C,N;H;) 


Cu, 18.00; N, 23.70. cx Br, 2H,O requires Cu, 17.92; N, 23.70 per cent }. 
(C,NO,H,) 


Copper glycine-biguanide iodide was prepared from a slightly ammoniacal 
solution of copper glycine-biguanide chloride with potassium iodide. ‘The product was 
recrystallised from hot water containing a drop of ammonia. It forms dark blue-violet 
(C,N;H;) 


TI, H,O requires Cu, 16.56 ; 
(C.NO,H,) 


crystals. {Found: Cu, 16.59; N, 22.00, jou 


N, 21.91 per cent }. 

Copper Alanine-biguanide Chloride.—Copper bis-biguanide chloride (3.7 g.), copper 
chloride (1.7 g.) and alanine (1.8 g.) were dissolved in water (200 c.c.), The solution 
was concentrated on the water-bath when blue-violet crystals began to separate. 
The mixture was cooled ; the product obtained was purified by recrystallisation from hot 
water Containing a little potassium chloride. {Found: Cu, 18.64; N, 24.59; Cl, 10.43. 
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; Jo. 3H,0 requires Cu, 18.57; N, 24.57; Cl, 10.38 per cent} where 
(C,NO,H,) 
C;NO,H,=1 molecule of alanine. 

Copper glycine-methylbiguanide chloride was prepared following the same procedure 
as in the case of the copper glycine-biguanide chloride. The product forms deep blue- 
(C;N;Hy) 


(C,N.H,) 
Cu: 


violet crystals. { Found: Cu, 21.42; N, 28.32; Cl, 12.01. fox | Cl, 0.5 H,O 


(C,NO,H,) 
requires Cu, 21.38; N, 28.28; Cl, 11.95 per cent }. 

Copper glycine-ethylbiguanide chloride was prepared as described in the previous 
case using copper bis-ethylbiguanide chloride and glycine. {Found: Cu, 20.51; N, 


(C.N;Hi,) 
Cu 


: Cl, o.5H,O requires Cu, 20.42; N, 27.01; Cl, 11.41 
L (C,NO.H,) j 


27.14; Cl, 11.43. 


per cent }. 

Copper alanine-ethylbiguanide chloride was prepared exactly in the same way as 
the previous compound using alanine in place of glycine. It forms deep blue-violet 
(C.N;H,,) | 


Cl,2H,0 requir- 
(C;NO.H,) | 


crystals. {Found: Cu. 18.11; N, 23.98 ; Cl, 10.14. [cu 


es Cu, 18.04; N, 23.86; Cl, 10.09 per cent }. 

All these compounds can also b, prepared from the corresponding mono-biguanide 
copper complex (1 mol.) and glycine or alanine (1 mol.) in aqueous ammonia solution 
at a‘pn of about 6-7. No heterochelate complex with anions other than the halides 
could, however, be prepared. 


Tasie I 


Magnetic susceptibilities of mono-biguanide and heterochelate copper complexes. 


Substance Temp. Xg X 10°. xu 108 Diamag. Xa x 108, be. 
correc. X 108, 
1, [Cu(MeBigH) jCl, 24° 4.789 IT95 104 1299 I. 
2. ea eReH) Sort 27° 3-993 1240 118 1358 Be 
3. Cu(MeBigH) |SO, 28° 4-498 1235 97 1332 1.80 
4.  [Cu(EtBigH) }Cle,0.5H,0 32° 4.110 1120 121 1241 1.75 
5. ([Cu(MegBigH)SO,,0.5H,O0 2.5° 4.381 1194 121 1315 1.80 
6. [Cu(Me,BigH)SO,,0.5H,O 33° 3.950 1173 114 1287 1.78 
3. at, aad 24° 4.003 1203 137 1337 1.79 
igH 
8. [cu Je. 1.5H,0 24° 4.822 1442 121 1563 1.96 
(Glyc) 
(BigH) 
. [co Jes. 2H,0 32° 3.502 1238 126 1364 1.83 
(Glyc) 
(BigH) 
10 [cu Jerstii0 3° 4.261 1453 160 1613 1.99 
(Alan) 
(EtBigH) 
. [ew ]evo.2sti0 $3" 4-730 1471 134 1605 1.99 
(Glyc) 
(MeBi)H 
. [& |e. 5H,0 32° 4.101 1218 117 1335 1.83 
(Glyc) 


Where BigH =one mol. of biguanide base =C,N;H;: GlycH =one mol. of glycine=C,NO,H;. 
AlanH=one mol. of alanine =C;NO,H;. 


9—1777P—6 
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Absorption Spectra.—The absorption spectrograms of the mono-biguanide and 
glycine-biguanide copper complex in aqueous solution were taken by means of a glass- 
prism spectroscope, the light source being an incandescent lamp, with iron arc as 
reference. . 

The data below the figures summarise the experimental details and resuits. 


DISCUSSION 


The copper mono-biguanide complexes, in the solid hydrated state or in aqueous 
solution, occur presumably as diaquo-copper biguanide salts in agreement with the 
maximal or characteristic co-ordination number four of copper, on the basis of Werner’s 
theory. In their anhydrous or dehydrated form, they obviously change into the 
dichloro compounds, which would have been-a non-electrolyte if it could exist unchasged 
in aqueous solution. This is evident from the following formulae :— 


[(H,O),. Cu. (BigH)}Cl, [Cl,. Cu. (BigH)] 
(I) (II) 


Even in the diaquo-form (I), represented as an electrolyte or salt, the substance 
suffers dismutation in aqueous solutions giving the stable copper bis-biguanide chloride 
and copper chloride : 


a[(H,0)..Cu. (BigH)]Cl, 2” [Cu (BigH),] Cl, +CuCl, + 4H,0, 


while the dichloro compound (II) in aqueous solution changes immediately into the 
diaquo-form, which then suffers dismutation as shown above. 

The deep blue mono-biguanide complexes might as well be represented as 
a compound of the type : 

[Cu (BigH).] X2, Cu X, or [Cu (BigH),] [Cu X,], 
where X=Cl, Br, I or $SO, (cf. Chattaway and Drew, J. Chem. Soc., 1937, 947). 

The partial formation of the blue compound from the bis-biguanide copper complex 
and the simple copper salt appears to justify this suggestion to a certain degree. But 
their solubility with reference to those of their components fails to exhibit. any additivity 
relation. Then again, it has been shown from physical measurements (to be communica- 
ted hereafter) that even at dilutions where the formation of any anionic complex like 
[CuX,]” is out of question, the colour of an acidified copp2r bis-biguamide salt is 
blue, which corresponds to the formation of mono-biguanide complxes. Furthermore, 
all attempts to prepare blue compounds of the type [Cu{C,H,-(BigH),}] [Cu X,] 
from a copper ethylenedibiguanide chloride, [Cu{C,H, (BigH),}]Cl., and eopper 
chloride, CuCl,, even in the presence of hydrochloric acid ended in failures, the formation 
of mono-biguanide being impossible, as ethylenedibiguanide represents a quadri-dentate 
ligand. The blue compounds are therefore represented as mono-biguanide complexes. 

The mixed or heterochelate copper complexes cannot also be regarded as mere 
double or molecular compounds of copper bis-biguanide salts with copper-glycifie or 
copper-alanine. Their stability in aqueous solutions from which they can be recrys- 
tallised unchanged, their preparation in the form of a series of halide salts, furnish 
sufficient evidences in support of their figuring as heterochelate complexes. 
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In acid solutions it may, however, lead to a dismutation equilibrium as 
a[(Glyc). Cu. (BigH)] X [” [Cu (Glyc),] + [Cu (BigH),]X: 


Investigation into the mechanism of decomposition of copper glycine-biguanide 
chloride in aqueous acid solution, which may be represented as, ; 


+H* +H* 

GlycH +[Cu(BigH)]** [> [(Glyc) Cu (BigH)]* < [Cu(Glyc)]*+BigH’*, 
+a TL +H* tT) ap 
Cu +BigH, Cu** +GlycH 


leads to no definite result, except that the first decomposition process gives a constant of 
the order of 10°, being the same as that of copper bis-biguanide complexes. But the 
second decomposition process, which should be identical with the decomposition constant 
of copper mono-biguanide or copper mono-glycine, gives a somewhat lower value than 
either. 

This apparent discrepancy may be explained on the supposition that the two 
processes (I) and (II) occur simultaneously, which is quite probable in the light of the 
fact that the decomposition constant of copper mono-biguanide and copper mono- 
glycine are almost nearly equal. The process is also complicated due to the dismutation 
reactions stated above. 

INORGANIC CHEMISTRY LABORATORY, 


UNIVERSITY COLLEGE OF SCIENCE Received Jauuary 3, 1951- 
& TECHNOLOGY CALCUTTA. 












(Jour. Indian Chem. Soc., Vol. 28, No. 6, 1951] 


ANALYTICAL CHEMISTRY OF ZIRCONIUM. PART II. CINNAMIC ACID 


Cu. VENKATESWARLU AND BH. S. V. RAGHAVA RAo 


Zirconium is shown to be precipitated quantitatively by cinnamic acid in o.1N acid, HCl or HNO. 
The metal up too.6mg. can be estimated and separated from thorium, manganese, uranium, cerite 
earths, beryllium, aluminium, nickel and iron with the reagent. Fe*** alone requires a second preci- 
pitation. 


In an earlier communication (this Journal, 1950, 27, 638) the use of cinnamic acid as 
a reagent for thorium was described. Further investigations have revealed certain 
useful characteristics of the reagent, which make it applicable to the estimation and 
separation of zirconium. Under suitable conditions, as littie as 0.6 mg. of ZrO, can 
be estimated and 0.1 mg. gives a detectable precipitate. However, the precipitate 
is far less definite in its composition than the corresponding thorium salt, and ignition 
to the oxide is necessary. 


ExPERIMENTAL 


If cinnamic acid is added to zirconyl chloride or nitrate in 0.1 N- acid, there results a 
slimy precipitate which is difficult to filter and which does not wash well. When the two 
solutions are boiling, the precipitate exhibits better filtering properties. If ammonium 
nitrate is also added to the extent of 12 to 15 g./i00 mi. of solution, the quality of the 
precipitate improves further : it is now curdy, settles quickly and washes well. 

Reagents.—Two stock solutions of zirconyl chloride were prepared as described 
in Part I in this series (this Journal, 1951, 28, 257) and were standardised by 
precipitation with mandelic acid; 2o0ml. of solution A gave ZrO,, 0.0433 g. and B, 
0.0567 g. 

Cinnamic acid of B. D. H. reagent grade was crystallised twice from boiling water. 

Ammonium nitrate was of B. D. H. Analar quality. Other Teagents were also 


of this quality. 
Estimation of Zirconium 


Procedure.—Aliquots of the zirconyl chloride solution were pipetted out intoa 
400 ml. beaker and diluted to 100 ml. Solid ammonium nitrate (15 g.) was then added 
and the liquid heated to boiling on a free flame. ‘The flame was then turned down to 
maintain the liquid at incipient boiling. Cinnamic acid (0.4 g.) in 100 ml. of boiling 
water was added with continuous stirring. ‘The flame was then gradually increased 
until the liquid began to boil. After 5 minutes of boiling the beaker was removed 
from the flame and set aside for about 5 minutes, when the zirconium precipitate 
settled as a curdy mass leaving a clear supernatant liquid. The precipitate was filtered 
hot through au 11cm. Whatman No. 42 filter paper, washed: with 3% ammonium nitrate, 
ignited wet and weighed as ZrQ,. 
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Tasre I 
Expt. No. ZrO,taken. ZrO, found. Diff. Expt. No. ZrO, taken. ZrO, found. Diff. 
I 0.0567 g. 0.0566 g. —o.I mg. 5 0.0017 g. 0.0018 g. +0.1I mg. 
2 0.0433 0.0433 — 6 0.0011 0.0012 +0.1 
3 0.0284 0.0283 —0O.1 7 0.0009 0.0010 +0.1 
4 0.0217 0.0216 —0.1 8 0.0006 0.0006 _ 


In experiments 7 and 8 the total volume of the solution was only 50 ml., the amount 
of the precipitant, 0.1 g. and of ammonium nitrate, 2 g. 


Separation of Zirconium from other Elements 


Thofium, iron and some other elements are precipitated by the reagent in neutral 
solution. Since the separation from these elements would rest on the control of pz. 
the maximum acid concentration at which zirconium would be completely precipitated 
was next studied. The results are given in Table II. 


TaBLe IT 


Effect of pu on the precipitation of zirconium. 


Expt. HCl inthe Zirconium Diff Expt. HCl in the Zirconium Diff. 

No. final liquid. taken. found. No. final liqnid. taken. found. 

I 0.0 N 0.0567 g. 0.0568g. +0.1 mg. 6 0.10 N 0.0433 Z- 0.0433 g- —_ 

2 0.0 0.0433 © 0435 +0.2 7 0.11 0.0567 0.0565 —0.2 mg. 
3 0.05 0.0567 0.0567 — 8 O.11 0.0433 0.0432 0.1 

4 0.05 0.0433 0.0434 +0.1 9 0.125 0.0567 0.0558 —0.9 

5 0.10 0.0567 0.0566 —0.1 10 0.125 0.0433 0.0425 —0.8 


Since the precipitation of zirconium is complete in o.11N- hydrochloric acid, separa- 
tions from a number of elements were carried out as follows. 

To the mixed solution was added enough 2N- hydrochloric acid (usually ro ml.) 
to give a concentration o.1N in the final liquid. After precipitating zirconium as 
before and boiling for 10 minutes, it was allowed to settle for 5 minutes. The precipi- 
tate was filtered, washed first 3 or 4 times with 3% ammonium nitrate in o.1N- hydro- 
chioric acid and then with ammonium nitrate solution alone. The results are shown in 
Table III. 

Among the elements shown in Table III, iron alone required a second precipitation 
for complete removal. This second precipitation was carried out as follows. The 
precipitate was only partially washed, dissolved in hot 1: 1-hydrochloric acid along with 
the filter ; the acid was next carefully neutralised with ammonia, acidified (to o.1N) and 
the zirconium was reprecipitated as before. 

Attempts to separate zirconium from titanium, vanadium, chromium and tin were 
not successful. In all these cases the presence of the foreign element not only delayed 
precipitation considerably but also led to incomplete precipitation. Thus separation 
from these elements appears not to be possible. 
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Taare LII 


Expt. No. Acid conc. Element added. ZrO, found. 


I 0.10 N Thorium ThO3 0.0522 g. 0.0431 g. 
chloride 


1044 0 0432 
- .1566 0.0435 


Thorium 0681 0.0434 
nitrate 


” 


” _1362 0.0435 


Thorium 1566 0.0437 
chloride 

Thorium : 0.0435 
nitrate 
Manganese 0.0430 
chloride 


Uranium .75 0.0431 
nitrate 


Cerite earths ‘ wé 0.0432 


Beryllium : 0.0431 
nitrate 
Aluminium 0.0431 
chloride 


13 Nickel Ni 2 0.0432 
chloride 
14 Ferric . 0.0436 
chloride 
15 ” 
* The ZrO, residue is slightly coloured. 
** Double precipitation. 


0.0433 


Composition of the Precipitate 


In order to obtain the pure compound for this purpose, the precipitate was finally 
washed with water. In this process, the precipitate became colloidal and significant 
quantities of zirconium passed through the filter. All the same, the residue on the 
filter was dried to a constant weight in an air-over at 105°. This dried residue on igni- 
tion gave a 1:1 ratio of zirconium : cinnamic acid. It is thus difficult to assign a defi- 
nite formula and structure to the zirconium precipitate. 
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COUMARINS FROM ORCINOL DERIVATIVES: CONDENSATION OF 
ORCACETOPHENONE MONOMETHYL ETHER WITH ETHYL 
ACETATE, ETHYL PROPIONATE AND ETHYL BUTYRATE, 
AND MOLECULAR REARRANGEMENT OF ORCACETO- 
PHENONE DIACETATE AND DIBENZOATE, IN 
PRESENCE OF METALLIC SODIUM 


By SHARAD S. PANDIT AND SURESH SETHNA 


Orcacetophenone monomethyl ether has been condensed with ethyl acetate, ethv! propionate and 
ethyl butyrate in presence of metailic sodium; instead of the expected §-diketones other products 
are obtained to which the structures of 4-hydroxy-7-methoxy-4:5-dimethyl-, -3:4:5-trimethyl-, and 
-3-ethyl-4 :5-dimethyl-3 :4-dihydrocoumarin respectively, have been tentatively assigned. Molecular 
rearrangement of orcacetophenone diacetate in presence of metallic sodium gives 7-hydroxy-4-acetome- 
thyl-5-methylcoumarin instead of the isomeric chromone. The formation of coumarin derivatives in the 
above reactions has not been observed before. Similar rearrangement of orcacetophenone dibenzoate 
gives the expected 7-hydroxy-5-methylflavone. 


An important method for the synthesis of chromones is due to Kostanecki (Ber,, 
1900, 38, 330 et seq.) and consists in the condensation of esters of aliphatic and aromatic 


acids with o-methoxyacetophenones and subsequent ring-closure of the (§-diketones 
formed. Wittig and his co-workers (Ber., 1924, 87, 88; Amnalen, 1925, 446, 155) 
found that o-hydroxyketones condensed similarly with esters to give -diketones. 
Heilbron and his co-workers (J. Chem. Soc., 1934, 1311) have also used o-hydroxy- 
ketones instead of the o-methoxyketones to obtain the desired §-diketones. 

Having synthesised 7-hydroxy-2-alkyl-5-methylchromones from the {§-diketones 
obtained by the condensation of orcacetophenone dimethyl ether with ethyl acetate, 
ethyl propionate and ethyl butyrate (Sethna and Shah, this Journal, 1940, 17, 211, 487) 
it was thought of interest to see if the monomethy] ether of orcacetophenone condensed 
similarly to give the desired 8-diketones. Orcacetophenone monomethyl ether (I) on 
condensation with ethyl! acetate in presence of pulverised sodium, however, did not give 
the expected 8-diketone, but a product which had the following properties. 

It analysed for C,.H,,0,. It did mot react with 2:4-dinitrophenylhydrazine 
hydrochioride. It gave a copper salt which was sparingly soluble in benzene. It did 
not give coloration with alcoholic ferric chloride immediately, but a reddish violet 
colour developed slowly on keeping for a few minutes. It could not be methylated 
with methyl iodide or dimethyl sulphate in benzene or acetone solution in presence of 
potassium carbonate, or with dimethyl sulphate and sodium hydroxide and it did not 
get either methylated or esterified with diazomethane. It did not dissolve in sodium 
bicarbonate but dissolved slowly in 10% NaOH solution. The original product was 
obtained back on filtration and acidification of the dissolved portion after 5 minutes. 
On keeping overnight with 10% sodium hydroxide solution it gave ore- 
acetophenone monomethyl ether. On heating it with a few drops of dilute hydrochloric 
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acid in acetic acid solution it gave a product of m.p. 118-19° which was found to be 
7-methoxy-4:5-dimethylcoumarin (Sethna and Shah, loc. cit.) on direct comparison. 
The same coumarin was obtained by heating the product between 155° and 160° for 
an hour and also by shaking the copper salt, suspended in ether, with 10% sulphuric 
acid for about 20 minutes. The isomeric 7-methoxy-2:5-dimethyichromone has m. p. 
150-52° (Sethna and Shah, loc. cit.). 

The formation of 7-methoxy-4:5-dimethylcoumarin by the simple loss of a molecule 
of water indicates either of the two possible structures (II or IIT; R=H) for the 
condensation product. The insolubility of the product in sodium bicarbonate solution, 
absence of reaction with methyl iodide, dimethyl sulphate and diazomethane eliminate 
the possibility of the cinnamic acid structure (II, R=H). The 4-hydroxy-3:4-dihydro- 
coumarin structure (III, R=H) explains the various reactions mentioned above fairly 
well and this structure is therefore tentaiively assigned to this product. 7-Hydroxy- 
4:5-dimethylcoumarin has also been found to decompose in presence of alkali to give 
orcacetophenone ‘{Sethna and Shah, loc. cit.}. 

Condensation of orcacetophenone monomethy] ether with ethyl propionate and ethyl 
butyrate gave products which on heating with dilute hydrochloric acid gave 7-methoxy- 
3:4:5-trimethylcoumarin ‘IV, R=Me) and 7-methoxy-3-ethyl-4:5-dimethylcoumarin 
(IV, R=Et) respectively, as seen by direct comparison with the product obtained by 
Sethna and Shah (loc. cit.) in the Kostanecki propionylation and butyrylation of 
orcacetophenone monomethyl ether. The structures of 7-methoxy-4-hydroxy-3:4:5- 
trimethyl- and 7-methoxy-4-hydroxy-3-ethyl-4:5-dimethyl-3:4-dihydrocoumarin (III ; 
R=Me and Et respectively) have been tentatively assigned to these condensation 
products. Further work is in progress. 

Orcacetophenone did not condense with ethyl acetate under similar conditions. 

The results obtained here are of interest as the formation of such products in the 
condensation of o-hydroxy-ketones with oa has been observed for the first time. 
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In continuation of the previous work (Pandit and Sethna, this Journal, 1950, 27, 1) 
on the molecular rearrangeinent of some o-acyloxy-acylarones in presence of metallic 
sodium, orcacetophenone diacetate and dibenzoate have been subjected to similar 
rearrangement. ‘he diacetate (i) on rearrangement gave a product which was found 
to be identical on direct comparison with 7-hydroxy-4-acetomethyl-5-methylcoumarin 
(iv), obtained by Sethna and Shah (this Journal, 1940, 17, 239) by the Kostanecki 
acetylation of orcacetophenone. The product was heated with sodium carbonate 
solution and the compound so obtained found to be identical on direct comparison with 
7-hydroxy-4:5-dimethylcoumarin, previously prepared by Sethna and Shah (loc. cit.). 
This is the first instance in which the molecular rearrangement of an o-acyloxy-acetoarone 
has been found to give a coumarin derivative. 

On the basis of the mechanism suggested by Sethna and Shah (loc. cit.) for the 
formation of 7-acetoxy-4-acetomethyl-5-methylcoumarin in the Kostanecki acetylation 
of orcacetophenone, the following mechanism for the formation of 7-hydroxy-4- 
acetomethyl-5-methylcoumarin in this rearrangement may be suggested. 

Orcacetophenone diacetate (i) may first give the §-diketone (ii) as a result of the 
migration of the o-acetoxy group. The o-hydroxy group of the §-diketone may get 
acetylated either through the migration of the acetoxy group from 4 to 2 (a; intramol- 
ecular reaction) or due to the contribution of an acetyl group by another orcaceto- 
phenone diacetate molecule (b ; intermolecular reaction). The intermediate compound 
\iiiA) or (iiiB), thus formed, then gives the final product (iv) on ring-closure in the case 
of {iiiA) and ring-closure and hydrolysis of the acetoxy group in the case of (iiiB). 


HO’ \OCOMe 
a \_ /COCH:.COMe 
Me 
(a) 
(iii A) { 
O 
McOC.0/ NO.COMe MeOC.0% NOH HO, \“ Nco ; 
nee k 
‘OMe COCH;.COMe \ycH 
Me Me Me ‘ 
(i) (ii) CH,COMe 
™ gcse (iv) 
rae \_ /COCHs.COMe 
Me 


(iii B) 


Orcacetophenone dibenzoate on molecular rearrangement gave a product which was 
found to be identical on direct comparison with 7-hydroxy-5-methylflavone prepared 
by Sethna and Shah (this Journal, 1940, 17, 601) by the Kostanecki-Robinson benzoyl- 
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ation of orcacetophenone. ‘The mechanism for the formation of this compound is very 
likely the same as that suggested by Baker (Joc. cit.) for the formation of chromones 
when an o-hydroxyacylarone is heated with the anhydride and the sodium salt of a 
fatty acid. 

The intermediate 8-diketones could not be isolated in either of these rearrangements. 


EXPERIMENTAL 


Orcacetophenone Monomethyl Ether (I) —Orcacetophenone (Hoesh, Ber., 1915, 
48, 1127) (20 g.) was dissolved in sufficient acetone and sodium hydroxide (10%, 20 c.c-) 
added. Dimethyl sulphate (17 g. in all) and sodium hydroxide (10%, 50 c.c.) were 
added in small lots alternately and the reaction mixture heated on a steam-bath all the 
time. The reaction mixture was finally made slightly alkaline and kept overnight. 
The solid which separated was filtered, dried and crystallised from dilute alcohol 
in needles (17 g.), m.p. 79°; (Hoesch, loc. cit.) also gives the same m.p. 

4-Hydroxy-7-methoxy-4:5-dimethyl-3:4-dihydrocoumarin (III, R=H).—Orcaceto- 
phenone monomethyl ether (6g.) and ethyl acetate ‘13 g., excess) were added to 
pulverised sodium (1.5 g. ca 2 mols.) in a round-bottomed flask, fitted with a double 
walled condenser and a calcium chloride guard tube. ‘The flask was cooled externally. 
After the initial vigour of the reaction had subsided, the reaction mixture was heated on 
an oil-bath at 115°-120° for 14 hours. The flask was then cooled, a little alcohol added 
to decompose the excess of sodium,followed by water and the unreacted ethyl acetate 
removed by extraction with ether. The alkaline solution was then acidified with 
dilute acetic acid and the solid obtained was crystallised from rectified spirit in rectangular 
prisms {3 g.), m.p. 140-42°. (Found: C, 65.0; H, 6.4. Ci2HisQ, requires C, 64.9; 
H, 6.3 per cent). 

The copper salt was prepared by dissolving the acid im ether and shaking for half 
an hour with a strong solution of copper acetate. Pale green crystalline product 
separated which was filtered, washed with water and dried, m.p. 220-22°. It is very 
sparingly soluble in benzene. (Found: C, 54-9; H, 5.8. CasH2.OsCu, H,O requires 
C, 54.8 ; H, 5.3 per cent). 

Heating with dilute HCl and alone.—The dihydrocoumarin ‘III, R=H; 0.5 g.) 
was dissolved in glacial acetic acid (2c.c.) and refluxed for 15 minutes with hydro- 
chloric acid (conc., 1c.c.). The reaction mixture was diluted with water and the 
product obtained crystallised from dilute alcohol in needles {0.3 g.), m.p. 118-19°. 
Mixed m.p. with 7-methoxy-4:5-dimethylcoumarin (Sechna and Shah, loc. cit.) was 
the same. 


7-Methoxy-4:5-dimethylcoumariu was also obtained by heating the dihydrocoumarin 
for one hour in an oil-bath at 155°-160° and by shaking the copper salt in an ethereal 
suspension with 10% sulphuric acid for about 20 minutes. 

4-Hydroxy-7-methoxy-3:4:5-trimeihyl-3:4-dihydrocoumarin (I1I, R= Me).—Orcaceto- 
phenone monomethy! ether (2 g.) and ethyl propionate (6g.) were added to pulverised 
sodium (0.6 g.) and refluxed in an oil bath-at 110°-120° for 2 hours. The reaction mix- 
ture was worked up as before and the solid obtained on acidification was crystallised 
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from rectified spirit in shining plates (0.7 g.}, m-p. 125-26°. (Found: C, 66.1; H, 6.8. 
C,;H,,0, requires C, 66.1; H, 6.8 percent). The product gave no coloration with 
alcoholic ferric chloride. 

The copper salt, prepared as before, was crystallised from benzene, in which it was 
sparingly soluble, in deep green tiny needles, m.p. 193-96°. (Found: C, 58.7; H, 6.1. 
C..H;,.0;Cu requires C, 58.5 ; H, 5.6 per cent). 

The above dihydrocoumarin (II], R=Me; 0.3 g.) was dissolved in glacial acetic 
acid (2 c.c.) and refluxed with hydrochloric acid ‘conc., 1 c.c.) for 15 minutes. The 
reaction mixture was diluted with water and the product obtained was crystallised from 
dilute alcohol in tiny needles ‘0.15 g.), m.p. 90-92°. Mixed m.p. with 7-methoxy- 
3:4:5-trimethylcoumarin (Sethna and Shah, /oc.cit.) was not depressed. 


4-Hydroxy-7-melhory-3-ethyl-4:5-dimethyl-3:4-dihydrocoumarin (III, R=Et).— 
Orcacetophenone monomethyl ether (4 g.) and ethyl butyrate (10 g.) were added to 
pulverised sodium (1 g.) and refluxed in an oil-bath at 110°-120° for 2 hours. The 
reaction mixture was worked up as before and the solid obtained on acidification was 
crystallised from rectified spirit in thin shining plates (1 g.), m.p. 130-32°. (Found; 
C, 67.1; H, 7.2. C1sHs0.4 requires C, 67.2; H, 7.2 per cent). The product gave no 
coloration with alcoholic ferric chloride. 

The copper salt, prepared as before, was crystallised from benzene, in which it was 
sparingly soluble, in deep green tiny needles, m.p. 205-208°. (Found: Cu, 11.2. C.sH;,0,Cu 
requires Cu, 11.3 per cent). 


The above dihydrocoumarin (III, R=Et ; 0.2 g.) was dissolved in glacial acetic acid 
(1.5 c.c.) and refluxed with a few drops of hydrochloric acid (conc.) for about 15 minutes. 
The product obtained on dilution with water was crystallised from rectified spirit in 
colorless rectangular prisms, m.p. 79-81°. Mixed m.p. with 7-inethoxy-3-ethyl-4:5- 
dimethylcoumarin (Sethna and Shah, ioc. cit.) was not depressed. 


Molecular Rearrangement of Orcacetophenone Diacetate : 7-Hydroxy-4-acetomethyl- 
5-methylcoumarin.—Orcacetophenone diacetate, prepared from orcacetophenone (Hoesch, 
loc. cit.) (3 g.), acétic anhydride (12 .c.) and a few drops of pyridine by refluxing for 
s hours. It was crystallised from dilute alcohol in pinkish white needles (2 g.), m.p. 
72-73°. (Found: C, 62.7; H, 5-6. CisHi.Us requires C, 62.4; H, 5.6 per cent). 

Orcacetophenone diacetate (3 g.), dissolved in dry toluene (45 c.c.), was added to 
pulverised sodium {0.6 g.) and the reaction mixture heated for 4 hours between 120° and 
130° inan oil-bath. At the end of that period the reaction mixture was cooled and the 
unreacted sodium was dissolved in alcohol cautiously. The sodium salt was filtered and 
decomposed with dilute acetic acid. The product which came down was crystallised 
from dilute alcohol in shining needles (1.1 g.), m.p. 213°. Mixed m.p. with an authentic 
specimen of 7-hydroxy-4-acetomethy]l-5-methylcoumarin, prepared according to Sethna 
and Shah (loc. cit.), was not depressed. 

The 2:4-dinitrophenylhdrazone, prepared as usual, was crystallised from rectified 
spirit, m.p, 263°. Sethna and Shah (loc. cit.) give m.p. 250-260° (d). The acetyl 
derivative was prepared as usual and crystallised from rectified spirit, m.p. 125-26°. 
Sethna and Shah (loc. cit.) give the same m.p. 
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The above coumarin of m.p. 213° (0.2 g.) was refluxed with sodium carbonate solu- 
tion (5%, 10 c.c.) for 14 hours. ‘Ihe product which separated on acidification was crys- 
tallised from rectified spirit, m.p. 254-55°. Mixed m.p. with an authentic specimen of 
7-hydroxy-4:5-dimethylcoumarin, prepared according to Sethna and Shah (loc. cit.), was 
not depressed. 

Molecular Rearrangement of Orcacetophenone Dibenzoate?7-Hydroxy-5-methylfla- 
vone.—The dibenzoate was prepared from orcacetophenone (3 g.), dissolved in pyridine, 
and benzoy! chloride (3 5 c.c.) by heating on a water-bath for 3 hours. The solid which 
separated on pouring the reaction mixture in cold hydrochloric acid was collected, washed 
with sodium bicarbonate solution, and then crystallised from dilute alcohol in pinkish 
white needles (4 g.), m.p. 97-98°. (Found: C, 73.6; H, 4.9. Css3H,sO; requires C, 73.8; 
H, 4.8 per cent). 

Orcacetophenone dibenzoate (3 g.), dissolved in dry toluene (30 c,c.), was added to 
pulverised sodium (0.4 g.). The mixture was refluxed for 4 hours at 120-130°. The 
sodium salt which remained after dissolving the unreacted sodium in alcohol was filtered 
and decomposed with dilute acetic acid. The product obtained was filtered and crys- 
tallised from rectified spirit in pale brown needles (0.54 g.), m.p. 312°. Mixed m.p. 
with an authentic specimen of 7-hydroxy-4-methylflavone, prepared according to 
Sethna and Shah ‘this Journal, 1940, 17, 603), was not depressed. 

Grateful thanks of the authors are due to Dr. R. C. Shah for his kind interest in 
the work and helpful suggestions. 
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FLUIDITY AND FREE VOLUME IN LIQUIDS 


By AsokeE KuMAR MUKHERJEE 


The fluidity ot a liquid has been taken to be a function of its free v»lume. The nature of the func- 
tion has been worked out and a linear relation has been established for ordiuary conditions of tempera- 
ture and pressure The nature of the relationship at other conditions has also been indicated. 


The concept of the existence of free volume ina liquid is not a new one, because 
since the time of McLeod (Trans. Faraday Soc., 1925, 21, 151) different workers, like 
Eyring (“The Theory of Rate Processes’’, 1940), Lennard-Jones and Devonshire (Proc. 
Roy. Soc., 1937, A, 168, 53) and Kirkwood (J. Chem. Phys., 1950, 18, 380) have made 
use of this concept to explain some of the properties of liquids. 

A liquid has been considered here to be a highly condensed gas, the molecules 
being squeezed together by their mutual interaction (by Van der Waal’s force or other- 
wise). In this manner it is possible to treat liquids by the help of equations used for 
gases provided that we use free volume instead of total volume inhabited by a gaseous 
molecule and that we introduce necessary corrections for the attraction between liquid 
molecules. 

This idea of free volume was first advanced by Eyring (J. Chem. Phys., 1936, 4, 283) 
in a slightly different manner, but he did not take this into full account in his treatment 
of viscous flow of liquids. In the present investigation this idea has been amplified, 
extended and utilised in treating viscous flow of liquids, in general, under varying 
conditions of different physical factors. 

Moreover, the concept of free volume assumed herein differs from Eyring’s “‘Hole 
theory”’ in another respect. He assumes that the effect of temperature is to increase 
the number of hoies in the liquid. This in effect regards the free volume as discon- 
tinuous ; whenever there is any increase or decrease of free voiume in a liquid, it occurs 
by the introduction or disappearance of holes which have a definite size compared to that 
of the molecules. In the present investigation, free volume has been a regarded as 
continuous, so that the differential relations may be used freely iu all calculations. 

In the present paper our point of inter: ct is to ascertain how the fluidity of a liquid 
is related to free volume. 

From what has been stated above, the fluidity is certainly dependent on free volume, 
‘a 

¢ = (Vs) 


where 9 is the fluidity and ¥ represents a function of the free volume, V;. Assuming 
this to be an ‘n’th order function of V;:, 


@ = Aot AVS" 


where A. and A are constants. According to the definition of free volume, as proposed 
herein, when V; is zero, the liquid loses its fluidity, i.c., 
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@ = o when V;=o0, whence, 
Ae =o 
So that, = AV:" inn 


To determine the exact order of the function the following procedure was adopted. 
Eyring and Kincaid (J. Chem. Phys., 10936, 6, 620) have derived the relation connecting 
free volume with the velocity of longitudinal waves of the form 


) RTy 
U = (v/v? / uM os te} 


where U is the velocity of any longitudinal wave in the liquid ; v, the total volume inha- 
bited by a liquid molecule ; y, the ratio of specific heats ; M, the molecular weight; R, 
the gas constant, and T, the absolute temperature. 

Now from equation (1), we have 


Viz (o/A)*/" = (9/A)* where x=1/n 


whence U=(A/9)3. ot VR 


2. 3,/RTy 
=(A/¢)3 (MiNp)* V “yy 


where N is the Avogadro’s number and p, the density of the liquid. 
Or, U=BT*/9*"*, p3 se Ag) 


where B is a constant for the liquid and equals 


AS. m?. Rr. yn. me, 


Thus, knowing the value of U for two different temperatures, and the corresponding 
values of fluidity and density, we can determine the value x : 


log U=log B+4 log T-—% log @ — § log p 


whence x= 10g Ui +8 log p:—4 log T,)— (log U,+% log p,—4 log T;) £2? &) 
$ (log ¢,—log ¢,) 

This formula (4) has been tried on ten liquids. The values of U for these were 
taken from the data for the velocity of ultrasonic waves in these liquids (Lagemann, 
McMillan and Woolf. J. Chem. Phys., 1949, 17, 369; Lagemann, McMillan (Jr.) and 
Woolsey, ibid., 1948, 16, 247 ; Pellam and Galt, ibid., 1946, 14, 608), data for fluidity 
and density being obtained from the Landolt Bornstein Tabellen. The values of 
‘x’ were calculated and thence the value n, its reciprocal, as shown in the table below. 
The range of temperature through which the liquids have been studied are also given 
in the table. 
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TABLE I 
Liquids. Range of temp. Mean ‘n’. 
Carbon tetrachloride 0°-40° 1.00 
Benzene 10°-40° 0.89 
Chlorobenzene 10°-30° 0.86 
s-Tetrachloroethane 10°-50° 1.12 
Bromobenzene 0°-40° 1.01 
Fluorobenzene 20°-30° 0.80 
1-Nonene 10°-30° 0.80 
1-Decene 10°-30° 0.06 
1-Undecene 10°-30° 1.00 
1-Tridecene 10°-30° 1.20 


The results in the table show that the values of n are in all the cases approximately 
equal to unity within a temperature range of 0° to 50° on the average. The relation 
between fluidity and free volume in a liquid thus comes out to be (from equation 1) 
a linear relation 


9 = AV: a 


which is of the same form as proposed by McLeod (loc. cit.) in the case of free space 
as enuuuciated by him. 

In the above derivation, there appears aconstant B which is a function of M, the 
molecular weight. So it is expected that the linear relationship will hold so long as M 
remains constant. If, however, under any condition M changes due to association or 
dissociation of molecules, the constancy of B will no longer be maintained and the value 
of ‘n’ is likely to differ from unity. So far as the ordinary temperature and pressure 
are concerned, it is evident from the data presented above that a linear relationship 
exists between ¢ and V;. At sufficiently higher or lower temperature, where there is 
likelihood of dissociation or association, the equation should be used with caution. 
Similarly at higher pressures where the molecules ‘at least in some cases) are known 
to associate, the value of ‘n’ should not justifiably be assumed to be unity. Therefore 
it is only when V: changes with temperature within the range specified above that the 
value of ‘n’ may be taken to be unity. This conclusion is very useful as will be shown 
in our subsequent discussion appearing in future communications. 

The author’s thanks are due to Dr. S. N. Mukherjee, Professor of Physical 
Chemistry, College of Engineering and Technology for help and guidance, to Dr. 
H. L. Roy, Professor in charge of Chemical Engineering for his keen interest, and to the 
authorities of the institution for granting him the facilities of library and laboratory. 
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STUDIES IN ELBS PERSULPHATE OXIDATION. PART Hl. FURTHER 
OXIDATIONS IN THE COUMARIN SERTES AND OXIDATION 
OF 8-HYDROXYQUINOLINE 


By V. J. Darvi, R. B. Desai AND SURESH SETHNA 


In continuation of the work described in previous parts, s-methoxy-4-methylcoumarin, 4 :6-dimethy]- 
coumarin and 5-hydroxy-4-methyleoumarin-6-carboxylic acid have been successfully oxidised, and the 
hitherto unknown 5 :6-dihydroxy-4-methylcoumarin, &-hydroxy-4:6-dimethyleoumarin and 5 :8-dihy- 
droxy-4-methyleoumarin-6-carboxylic acid synthesised. The natural coumarin, fraxinol, and 5 ;8-dihy- 
droxyquinoline, which were previously synthesised by other methods, have now been synthesised 
by the oxidation of 5:7-dimethoxycoumarin and 8-hydroxyquinoline respectively. This method has 
been applied for the first time to a nitrogenous heterocyclic compound. The oxidation of 6-methoxy- 
4-methylcoumarin resulted in the formation of a pasty uncrystallisable mass and the oxidation of 
5-hydroxy-4-methyl-, and 5-hydroxy-4:7-dimethylcou marin resulted in the formation of complex com- 
pounds with high and indefinite melting points. 


In continuation of the work described in Part I (Parikh and Sethna, this Journal, 
1950, 27, 369) the applicability of this reaction to the synthesis of new coumarin 
derivatives has been studied further. Of the six possible dihydroxy-4-methylcoumarin 
derivatives, with both the hydroxy groups in the benzenoid part, 5:7-dihydroxy-, 
6:7-dihydroxy- and 7:8-dihydroxy-4-methylcoumarins are known (Pechmann and Cohen, 
Ber., 1884, 17, 2187; Pechmann and Kraft, Ber., 1901, 34, 421; Pechmann = and 
Duisberg, Ber., 1883, 16, 2110, respectively). 

The remaining three, 5:6-dihydroxy-,5:8-dihydroxy- and 6: 8-dihydroxy-4-methyl- 
coumarins are unknown. Of these, the 5:6 dihy droxy-4-methyicoumarin has now been 
synthesised. 

5-Methoxy-4-methylcoumarin has been oxidised with potassium persulphate 
after dissolving it in warm alkali which presumably opens the a-pyrone ring as shown 
in Part I (loc. cit.: and the 5-methoxy-6-hydroxy-4-methylcoumarin, so obtained, 
demethylated to 5:6-dihydroxy-4-methylcoumarin. 

8-Methoxycoumarin has been successfully oxidised to 6-hydroxy-8-methoxycouma- 
rin by Mauthner (J. prakt. Chem., 1930, ii, 152, 23) and so for the synthesis of 
6:8-dihydroxy-4-methylcoumarin, 5-methoxy-4-methylcoumarin would be the most 
suitable starting material, but this coumarin has so far mot been prepared. 
Attempts to prepare it by the condensation of catechol with ethyl acetoacetate in 
presence of sulphuric acid, anhydrous aluminium chloride or zinc chloride did not 
succeed. Guiacol also did not condense with ethyl acetoacetate ir. presence of sul- 
phuric acid or zinc chloride. The alternative for the synthesis of 6:8-dihydroxy-4- 
methylcoumarin was to oxidise 6-methoxy-4-methylcoumarin and to see if tie oxidation 
could take place in the position ortho to the free hydroxyl group formed as a result 
of the opening of the -pyronering. This, however, did not succeed ; a pasty unwork- 
able product was obtained. In this connection it was thought of interest to study 
the oxidation of another coumarin in which the 6-position was blocked by a substitent 
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and so 4:6-dimethylcoumarin was subjected to this oxidation when a product was 
obtained in extremely poor yieid to which the structure of 8-hydroxy-4:6-dimethyl- 
coumarin was assigned. These r2sults are in keeping with the observations made 
by previous workers (Baker and Brown , J. Chem. Soc., 1948, 2303) that where the 
b-position to the hydroxyl group in the phenol is occupied, oxidation takes place in the 
ortho position, but the yields are extremely poor. 

The oxidation of 5-hydroxy-4-methylcoumarin was next tried to see if the 8-position, 
which is para to the hydroxyl group in position ‘5’, were selectively attacked and the 
desired 5:8-dihydroxy-4-methylcoumarin conld be obtained. It was, however, found 
that a complex product wtih a high and indefinite m.p. was obtained. With a view 
to finding out whether the formation of such a product was specific of 5-hydroxy-4- 
methyleoumarin or was a general reaction of 5-hydroxycoumarins, the oxidation of 
5-hydroxy-4:7-dimethylcoumarin was carried out when also a complex product with 
indefinite m.p. was obtained. ‘The formation of these complex products may probably 
be due to oxidative coupling at 6-position. The oxidation of 5-hydroxy-4-methyl- 
coumarin-6-carboxylic acid was therefore next tried when an acid was obtained in very 
poor yield to which the structure of 5:8-dihydroxy-4-methylcoumarin-6-carboxylic acid 
was assigned. The decarboxylation of this product by the quinoline copper powder 
method or by heating in a sealed tube with water did not succeed. 

5:7-Dimethoxy-4-methylcoumarin has been previously oxidised successfully to 
6-hydroxy-5:7-dimethoxy-4-methylcoumarin i.e. 4-methylfraxinol (Parikh and Sethna, 
(loc. cit.). The synthesis of the natural coumarin, fraxinol (5:7-dimethoxy-6-hydroxy- 
coumarin) has now been conveniently carried out by the oxidation of 5 :7-dimethoxy- 
coumarin with potassium persulphate. Fraxinol has been previously synthesised by 
Spaéth and Jerzmanowska-Sienkiewiczowa (Ber., 1937, 70, 698) by Perkin’s reaction 
on 2:4-dimethoxy-3:6-dihydroxybenzaldehyde, the starting material for this synthesis 
being pyrogallol trimethy] ether. 

As a result of the successful application of this method of oxidation in the field 
of benzopyrones, it-:was thought of interest to study it in the case of other heterocyclic 
compounds. This method has so far not been applied to nitrogenous heterocyclic 
compounds and so the easily available 8-hydroxyquinoline was selected for this study. 
8-Hydroxyquinoline has now been oxidised by this method to the known 5:8-dihydroxy- 
quinoline in poor yield. 

Fischer. and Renout (Ber., 1884, 17, 1645) claimed to have obtained this compound 
by the reduction of quinoline quinone in alcoholic solution with sulphurous acid. 
According to these authors it decomposes in aqueous solution on heating with the 
formation of a brown amorphous mass. Claus and Posseit (J. praki. Chem., 1890, ii, 
41, 32) claimed to have prepared it by iusing 8-hydroxyquinoline-5-sulphonic acid 
with potash above 250°, but it was stated to have decomposed without melting above 
270°. Matsumura and Sone (J. Amer. Chem. Soc., 1931, 58, 1406) have obtained 
§:8-dihydroxyquinoline in good yield by reducing 5-nitroso-8-hydroxyquinoline with 
iron powder and hydrochloric acid and they give its m.p. as 181-83°. 5:8-Dihydroxy- 
quinoline obtained in the present work gives the same melting point. On account 
of the ease with which the compound is transformed to a brown amorphous product 








368 V. J. DALVI, R. B. DESAI AND 8. SETHNA 


on heating with water, the usual procedure of working up the reaction product has ‘o 
be modified, as shown in the experimental. 

Very recently, Bhavsar and Desai (Curr. Sci., 1950, 19, 312) have published a note 
on the nuclear oxidation of coumarins in which they list the coumarin derivatives 
they have oxidised. Fraxinol is one of the compounds obtained in this work, but 
as our work on the synthesis of fraxinol is a continuation of that described in Part I, 
and as it was completed before the above note appeared, we have included the same 
in this paper. 


ExPERIMENTAL 


Oxidation of  5-Methoxy-4-methyicoumarin : 5 Methoxy-6-hydroxy-4-methyl- 
coumarin.— 5-Methoxy-4-methylcoumarin (Sethna, Shah and Shah, J. Chem. Soc., 
1938, 228) {4.7 g.) was dissolved in sodium hydroxide solution {5 g. in 50 c.c. water) 
by heating on a steam-bath for about half an hour. ‘The solution was then cooled 
and potassium persuiphate (7.5 ¢. in 150 c.c. of water) added gradually from a 
separating funnel during 3 hours. The solution was mechanically stirred and the 
temperature was not allowed to rise above 10°.. After the addition was complete the 
reaction mixture was stirred for half an hour more and left overnight. ‘The next 
day it was just acidified and extracted with ether twice. The ether extract gave 
negligible quantity of the starting material. Excess of hydrochloric acid (conc., 100 
c.c.) was then added to the aqueous layer and the mixture heated on a boiling 
water-bath for half an hour. The solid which separated during heating was filtered after 
cooling the solution. More product was obtained on extraction of the filtrate with 
ether. The combined solids were crystallised from rectified spirit in tiny needles 
(2.3g.), m. p. 18688°. (Found: C, 64.3; H, 4.6. C,,;H,.0, requires, C, 64.1; H, 
4.8 percent). The substance dissolves in sodium hydroxide solution to give a yellow 
solution. 

5:6-Dihydroxy-4-methylcoumarin.—5-Methoxy-6-hydroxy-4-methylcoumarin (0.5 g.) 
was dissolved in acetic anhydride (5 ¢.c.) and hydriodic acid (d1.7, § ¢.c.) added. 
The mixture was refluxed in an oil-bath between 130° and 140° for 2 hours. The 
product obtained on pouring the reaction mixture in sodium bisulphite solution was 
crystallised from rectified spirit in yellow needles {0.4 g.), m.p. 248-4u°. (Found : 
C, 62.0; H, 4.4. CiwHsO, requires C, 62.5; H, 4.2 percent). The substance gives 
a green colour with alcoholic ferric chloride and dissolves with deep red colour in sodium 
hydroxide solution. 

5: 6-Dimethoxy-4-methylcoumarin, prepared by methylating the above coumarin 
with methyl iodide in presence of anhydrous potassium carbonate in dry acetone 
solution, was crystallised from rectified spirit in tiny needles, m.p. 126-28°. (Found : 
C, 65.2 ; H, 5.5. C,.2H,.0, requires C, 65.5 ; H, 5.4 per cent). 

Oxidation of 4:6-Dimethylcouwmarin : 8-Hydroxy-4: 6-dimethylcoumarin.—4:6-Di- 
methylcoumarin (Pechmann and Duisberg, ioc. cit.) (5.2 g-) was dissolved in sodium 
hydroxide solution (10%, 60 c.c.) by heating on a steam-bath for about half an hour 
and the cooled solution oxidised by the action of potassium persulphate solution (8.1 g. 
in 160 c.c. water). The reaction mixture was worked up as before and the product 
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(3 g-) which came down on just acidifying the solution was found to be the original 
product. On heating with excess of concentrated hydrochloric acid the oxidation 
product was obtained which was crystallised from alcohol in small colorless needles 
(0.15 g-), m.p. 214-16°. ‘Found : C, 69.6; H, 4.7. Ci:Hi0O0; requires C, 69.5 ; H, 5-3 
per cent). 

Oxidation of 5-Hydroxy-4-methylcoumarin-6-carboxylic Acid: 5. 8-Dihydroxy-4- 
methylcoumarin-6-carboxylic Acid.—To 5-hydroxy-4-methylcoumarin-6-carboxylic acid 
(Sethna, Shah and Shah, loc. cit.’ (2.2 g.) sodium hydroxide solution (2 g. in 20 €.c. 
water) was added. The acid formed an insoluble sodium salt which dissolved during 
the subsequent addition of aqueous solution of potassium persulphate. To the above 
suspension of sodium salt, potassium persulphate (3 g. in 60c.c. water) was added 
with mechanical stirring. ‘The reaction mixture was worked up as usual on the next 
day. ‘The product ‘1.1 g.) which came down on just acidifying the solution with 
hydrochloric acid was found to be the starting material. The product obtained on 
heating with excess of hydrochloric acid was crystallised (charcoal) from rectified spirit 
in tiny yellow needles (0.2 g.), m. p. 273-75° (efferv.). (Found: C, 55.8; H, 3.2. 
C,,H,O, requires C, 55.9 ; H, 3.4 per cent). The acid dissolves in alkali to give a red 
solution and gives a blue colour with alcoholic ferric chloride. 

Fraxinol (5: 7-Dimethoxy-6-hydroxycoumarin).—s5: 7-Dimethoxycoumarin (Heyes 
and Robertson, J. Chem. Soc., 1936, 1831) (2.0 g.) was dissolved in sodium hydroxide 
solution (10%, 20¢.c.} by heating on asteam-bath for an hour. The solution was 
cooled externally and oxidised as before with potassium persulphate (2.7 g. in 50 c.c. 
water). Next day the reaction mixture was made just acidic with hydrochioric acid 
and the unreacted original product (0.4 g.) which separated out was filtered. The 
product obtained on heating with excess of hydrochloric acid (conc., 30c.c.}) for an 
hour on a steam-bath was crystallised from alcohol (charcoal) in faint yellow, glistening 
needles (0.2 g.), m.p. 171-72°. (Found : C, 50.5 ; H, 4.3. Cale. for C,,;HioO; : C, 59.5; 
H, 4-5 percent)- It dissolves in alkali to give a deep yellow solution. Spéth et al. 
(loc. cit.) give the same m.p. 

The acetyl derivative, prepared as usual, was crystallised from alcohol in color- 
less needles, m.p. 140-41°. (Found : C, 59.2 ; H, 4.5. Cale. for C,;H,,0, : C, 59.1; H, 
4.5 per cent). Spiith et al. (loc. cit.) give the same m.p. 

Oxidation of 8-Hydroxyquinoline : 5:8-Dihydroxyquinoline.—8-Hydroxyquinoline 
(2.9 g.) was mixed with sodium hydroxide solution (4 g. in 120 c.c. water). The in- 
soluble sodium salt was formed. To this suspension a solution of potassium persul- 
phate (5.4 g. im 100 c.c. water} was added gradually during 3 hours with mechanical 
stirring and external cooling. The clear dark red soiution obtained was then kept 
for 36 hours in a stoppered flask in a frigidaire. Hydrochloric acid was then added 
to make the solution just acidic and the dark brown product (0.3 g.) which separated 
was filtered. This product had a very high and indefinite melting point. The filtrate 
was extracted with ether. The ether extract gave the starting substance (0.5 g.}. 
Excess of hydrochloric acid {conc., 50 c.c.) was then added to the solution and it was 
kept overnight in a stoppered flask. A reddish crystalline solid (1 g.) separated which 
gave test for sulphur but not for chlorine. This therefore must be the intermediate 
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quinolyl potassium sulphate derivative. This solid was heated on a steam-bath with 
hydrochloric acid (conc., 30 ¢-c./ for an hour. The solid went in solution and on 
cooling deposited orange-yellow needles (0.7 g.). This {was the hydrochloride. It did 
not melt till 300° but melted on heating on a spatula. If the reaction mixture is 
heated directly with concentrated hydrochloric acid and the intermediate potassium 
sulphate derivative not isolated, a brown amorphous product of high and indefinite 
melting point is obtained. The hydrochloride was filtered and decomposed with cold 
sodium bicarbonate solution. The 5:8-dihydroxyquinoline which separated was crys- 
tallised from benzene in colorless glistening needles (0.2 g.), m.p. 181-53°. (Found : 
C, 67.6; H, 4.1; N, 8.8. Cale. for C,H,O,.N:C, 67.1 ; H, 4.4; N, 3.7 per cent). 
Matsumura and Sone (ioc. cit.) also give the same m.p. The product gives a dark 
brown coloration with alcoholic ferric chloride and an orange solution with sodium 
hydroxide. The final stage of decomposition should be carried out as quickly as 
possible and in a closed vessel as the solution immediately starts turning brown. 
Further work is in progress. 


ORGANIC CHEMISTRY LABORATORIES, 
THE INSTITUTE OF SCIENCE, Bombay. Received December 26, 1950. 
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STUDIES ON VITAMIN-A IN SOLUTION. PART IV. 
ESTIMATION OF ANTIOXIDANTS 


By SUKHAMOY BHATTACHARYA AND U. P. Basu 


A modification of the Emmetie and Engel method for the determination of tocopherols is described 
for the assay of phenolic antioxidants like propyl gallate, ethyl gallate and monomethyl ether of 
hydroquinone when present in arachis oil or ethyl oleate. A correction is meeded for the interference 


of colour formation due to the substrates. 


During the studies on the stability of vitamin-A in solution (Basu and Bhattacharya, 
this Journal, 1949, 26, 419, 459; 1950, 27, 169) it has been found that vitamin-A 
alcohol, when dissolved in glycerides or esters, saturated or unsaturated, loses about 
30% of its activity after about 200 hours of aeration even when incorporated 
with 0.05% of antioxidant. The antioxidants used were propyl gallate, ethyl gallate 
and monomethy] ether of hydroquinone. It was considered worthwhile to determine 
the quantity of antioxidant at intervals of aeration so as to ascertain if there were any 
relation between the loss of potency of vitamin-A and the quantity of antioxidant present. 
Lundberg and Halvorson (Proc. Inst. Food Tech., 1945, p. 145) applied the ferrous 
tartrate reaction of Mattil and Filer (Ind. Eng. Chem. Anal. Ed., 1944, 16, 427) for the 
determination of propyl] gallate, but a suitable and easy method applicable to the determi- 
nation of a!l the above antioxidants is wanting. Accordingly attempts have been made 
for finding an improved procedure for the above purpose, with the result that the Emmerie 
and Engel method for the estimation of tocopherols (Rec. trav. chim., 1938, 87, 1351) 
has now been so modified that it can be successfuliy applied in the estimation of phenolie 
antioixidants of the type described above. The details of the process are presented 
below. 


EXPERIMENTAL 


Time of Reaction.—The . ethod of Emmerie and Engel consists in the reduction 
of ferric chloride by tocophere s and the measurement of the intensity of colour produced 
by the ferrous iron, thus formed, with 2:2’-bipyridine. ‘This principle has been applied in 
the present investigation. But the time required in this case to form a colour, more or 
less of stable intensity, is different from the tocopherol reaction, as may be seen from Fig. 1. 

Reagents used were (1) 80% pure alcohol; (2) ferric chloride of analytical 
reagent quality, dissolved in 95% alcohol so that each c.c. of the solution contained 0.832 
mg. of FeCl,, 6H,O and (3) pure 2:2’-bipyridine, dissolved in 95% alcohol in such a 
way that each c.c. of the solution contained 1 mg. of bipy-idine. 

Procedure.—A solution of propyl gallate (1 c.c.) in 95% alcohol containing 40 
microgram of the substance was diluted with 22 c.c. of 80% alcohol. 2:2/-Bipyridine 
solution (1 c.c.) was then added to it and finally 1c.c. of ferric chloride solution, The 
container was shaken and the intensity.of the colour produced was recorded immediately 
by a Klett-Summerson photo-electric colorimeter using filter No. 54, the zero of the 
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photo-electric colorimeter being adjusted with a blank solution containing 23 ¢c.c. of 80% 
alcohol, 1c.c. of 2:2'-bipyridine and 1 c.c. of ferric chloride solution. The variation 
of the intensity of the red colour was measured with time and the photo-electric 
colorimeter readings plotted against time are shown in Figure 1. 


Fic. 1 








_ Photo-electri¢ col. readings 








rr) 20 30 40 + 60 


Time in mins. 


Curves 1-3 refer respectively to ethyl gallate, propy! gallate and monomethyl 
ether of hydroquinone. 


Similar experiments were carried out with ethyl gallate. But in the case of mono- 
methyl ether of hydroquinone an aliquot equivalent to 120 micrograms was taken instead 
of 40.micrograms. The. intensity readings for ethyl gallate as well as for monomethyl 
ether of hydroquinone, plotted against time, are also shown in Fig. 1. 

From the figure it will be seen that the colour produced with monomethy] ether 
of hydroquinone is of much lower intensity than that with either ethyl gallate or propyl 
gallate'under identical conditions. In the case of monomethyl ether of hydroquinone 
the mtensity of the colour rises continuously up to the sixth minute and then gradually 
falls until 12.5 minutes is reached. From this point the intensity remains practically 
the same up to 40 minutes of reaction. So the time allowed for the reaction with mono- 
methyl] ether of hydroquinone during later experiments was 15 minutes. 

In the case of propyl gallate or ethyl gallate, the intensity of colour rises sharply, 
initially up to 5 minutes and then slowly up to 30 minutes. But after 30 minutes the 


rise is very slow being only 3.0r 4 % of the photo-electric colorimeter reading in, 
the course of the next 30 minutes, So the time allowed for reaction in these two cases 


Was 36 minutes. 

Reference Curve.=Pure propyl gallate (0.05 g.} having m.p. 
accurately. and dissolved: in 95% alcohol, and the volume was made up-to 100 ¢.c,. with 
the same alcohol. . Similarly 0.05% solutions of ethyl gallate and monomethy!] ether, of 


hydroquitione-were made, 


146-48° was weighed . 
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0.05% Solutions of ethyl gallate and propyl gallate (1.c.c. each) were diluted up 
to 25c.c. and aliquots representing 30 to 100 micrograms were taken in 50 ¢.c. pyrex 
conical flasks. 80% Alcohol was added from a burette into the flasks to make the volume 
23 c.c. and then 1 c.c. each of bipyridine and ferric chloride reagents was added. The 
operation was conducted away from direct light and after the addition of the reagents 
the flasks were kept in a dark place for half an hour and then the intensity of the colour 
was measured in a Klett-Summerson photo-eiectric colorimeter using filter No. 54, the 
zero of the colorimeter being adjusted with a blank solution containing the reagents and 
80% alcohol only. 

In the case of monomethyl ether of hydroquinone the dilution was similarly made 
but aliquots were taken representing 4o to 200 micrograms since the colour produced 
was of much lower intensity than that in the other two cases. After proceeding in the 
above way it was allowed to stand in the dark for 15 minutes and readings were similarly 
taken in the photo-electric colorimeter. 

The photo-electric colorimeter readings have been plotted against the quantity of 
the antioxidant which are shown in Fig. 2. From the figure it may be seen, in all cases, 
that the intensity of the colour produced bears practically a linear relation with the 
quautity of antioxidant. 

Fic. 2 


Photo-electric col. readings. 
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Antioxidants in micrograms. 
Curves 1-3 refer to same as in Fig. 1. 

Interference.—A major source of interference in the assay of antioxidants in 
synthetic esters and vegetable oils is the inhibition or enhancement of colour formation 
with the ferric chloride reagent. ‘The inhibition effect in the estimation of tocopherols 
was studied by Kaunitz and Beaver (J. Biol. Chem., 1944, 156, 653, 661) who 
observed that when known amounts of synthetic @-tocopherol were added to a number 
of oils in low concentration, e.g. 0.1%, recoveries as small as 15% were obtained. 
These authors suggested that the inhibition might be due to a complex formed 
between ferrous ion and fat which retarded the formation of the coloured complex 
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between ferrous ion and bipyridine. To correct for inhibition Kaunitz and Beaver 
(loc. cit.) determined the extinction of a given weight of oil before and after the addition 
of a known amount of pure @-tocopherol. By proportion a corrected value for the 
tocopherol content of the oil was obtained. 

During this investigation it was found that ethyl oleate depressed the colour formation 
even when it was present in a small quantity, whereas contrary to the above observation, 
arachis oil at a very low concentration enhanced the colour formation but caused inhibi- 
tion at higher concentrations. Moreover, the depression or enhancement of colour forma- 
tion was not proportional to the quantity of the substrate. To ascertain whether the 
enhancement of colour at lower concentration of arachis oil was due to the presence of 
fine particles of oil in alcohol, the following experiment was carried out. After adding 
the reagents to small a portion of an antioxidant solution in arachis oil it was divided 
into 3 portions—one portion was kept in the dark as usual, the second was centrifuged 
with croks on the centrifuge tubes and the third portion was filtered through a filter 
paper which had been previously moistened with 80% alcohol so that this filter would 
not allow oil to pass through. 

After the scheduled time, the portion kept as it was, the supernatant liquid of the 
centrifuged portion and the filtered solution gave the same readings in the photo-electric 
colorimeter. Thus it appears that the colour was not enhanced by the presence of any 
oily particles in suspension. 

To find out the corrections for the inhibition or enhancement, known amounts of the 
various antioxidants were dissolved in weighed quantity of the substrates. Arachis oil 
and ethyl oleate used were of the quality as described in Part 1 of this series ‘(Basu and 
Bhattacharya, loc. cit.). Small portions of each of (i) ethyl gailate in arachis oil, (ii) 
ethyl gallate in ethyl oleate, (iii) propyl gallate in arachis oil, (iv) propyl gallate in ethy] 
oleate, (v) monomethyl ether of hydroquinone in arachis oil and (vi) monomethyl ether 
of hydroquinone in ethyl] oleate were accurately weighed into a 25 c.c. volumetric flask. 
Bipyridine and ferric chloride reagents (1 c.c. each) were added and the volume was 
made up to the mark with 80% alcohol. They were then kept in the dark for the 
required time and the intensity of colour was measured in the usual way. In this process 
ethyl oleate dissolved in 80% alcohol but arachis oil remained undissolved at the bottom. 
The difference between these readings and the corresponding photo-electric colorimeter 
readings for the same amounts of pure antioxidants dissolved in alcohol, which has been 
taken with the substrate solution, are plotted against the quantity of the substrates, 
This is shown in Fig. 3. 

From Fig. 3 it will be seen that the inhibition or enhancement is not proportional 
to the amount of the substrate. But it may be seen that the extent of extinction (curve 
1), caused by ethyl oleate both in case of propyl gallate and ethyl gallate is the same. 
This phenomenon is true for arachis oil also (curve 2), but in this case the colour 
formation. is enhanced at the beginning which gradually decreases and ultimately 
inhibition is noticed when the weight of arachis oil exceeds 150 mg. But ethyl oleate 
and arachis oil behave in a different way in the case of monomethyl ether of hydroqui- 
none, the interference being less than that in the other two cases (vide curves 3 and 4), 
This phenomenon may be due to the difference in the period of reaction in these cases, 
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FIG. 3 


Diff. in photo-electric col. readings. 











Substrates in mg. 


Curves 1-4 refer respectively to ethyl oleate with ethy] gallate + propyl] gallate ; 

arachis oil with ethyl gallate + propyl gallate; ethyl oleate with monomethy!l 

ether of H.Q., and arachis oil with monomethyl ether of H.Q. 
In this connection it may be mentioned. that 80% alcohol was used with the idea 
that it would extract less amount of pigments from the arachis oil. Further, the 
arachis oil used was almost colorless and as such the correction for pigments was not 
considered necessary in the course of this investigation. 

Precision.—To test the precision of the method, known amounts of antioxidants 
were added to the accurately weighed small portions of previously stated solutions of 
antioxidants which were used in finding out the interference of substrates. The 
recoveries after corrections obtained from Fig. 3 for the intereference caused by the 
substrate averaged 100.5% with aspread from 98.6 to 102.4%. The results of these 
experiments are shown in Table I. 

TABLE I 


Recoveries of added antioxidants. 


Substrate. Nature of Amount (microgram). Recover vy (microgram) 
antioxidant. Orginally Added. Cale. Found. % 
present. 
Arachis oil Propy] gallate 25 25 50 50.6 101.2 
- Ethy] gallate 25 30 55 54.62 99.3 
- Monomethy] ether 50 50 100 98.60 08.6 
of hydroquinone 
Ethy] oleate Propyl gallate 25 30 55 55-17 100.3 
Ethyl gallate 25 4o 65 66.56 102.4 
Menomethyl ether 50 75 125 126.50 101.2 


of hydroquinone 


Mean, 100.5 
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From the table it may be seen that this method is fairly accurate and is suitable for 
the estimation of phenolic antioxidants of the above type. 

Estimation.—The method of estimation of propyl gallate and monomethyl ether of 
hydroquinone, when present in arachis oil or ethyl oleate, is as follows. 

Dissolve a known quantity of antioxidant (about 50 mg.) in 100 ¢.c. alcohol (95%) 
and draw the reference curve by taking aliquots representing 40 to 100 micrograms in 
the case of ethyl or propyl! gallate and 60 to 250 micrograms in the case of monomethy] 
ether of hydroquinone and measuring by means of a photo-electric colorimeter the 
intensity of the colour formed with ferric chloride and 2:2'-bipyridine reagents. The filter 
to be used in Klett-Summerson photo-electric colorimeter is No. 54 and the zero is to be 
adjusted with a blank solution containing the reagents and 80% alcohol only. Then 
draw the intenference curves for arachis oil and ethyl oleate by measuring the intensity 
of colour of known quantity of antioxidants which have been dissolved in the respective 
substrates. Take from an unkown solution an accurately weighed quantity of a substrate 
in such a way that the antioxidant present is between 40 and 150 micrograms in case of 
gallates or between 60 and 200 micrograms in case of monomethyl ether of hydroquinone 
and measure the apparent intensity of colour formed with the reagents. Adding or 
subtracting the correction value for the amount of substrate to the apparent intensity 
value, find out the corresponding value for antioxidant from the reference curve. 

Thanks of the authors are due to Sri R. Bhattacharya, M.Sc., for helping in taking 
the photo-electric colorimeter readings. 

Received September 28, 1950 
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INTERACTION OF CARBON MONOXIDE AND HYDROGEN UNDER 
SILENT ELECTRIC DISCHARGE : PRODUCTION OF FORMAL- 
DEHYDE. PART III. INFLUENCE OF CATALYSTS AND 
OTHER FACTORS 


By R. H. SAHASRABUDHEY AND S. M. DESHPANDE 


Influences of wall catalysts, inter-electrode distance, surface-volume ratio and frequencies of the 
exciting potentials have been investigated on carbon monoxide-hydrogen interaction leading to for- 
maldehyde formation. It has been found in agreemen: with the homogeneous nature of the reacton 
that surface catalysts have little influence on the change, while increasing volume of the discharge space 
is conducive to increased reaction. 


Results of the investigation of the influence of temperature and certain other 
factors (as gas composition, applied potential and rate of flow etc.) on the production of 
farmaldehyde by the interaction of carbon monoxide and hydrogen under silent dis- 
charge have been already reported (Proc. Ind. Acad. Sci., 1948, 27A, 366 ; roso, 314, 
317). The present communication records an extension of these studies with respect 
to the following factors : (i) catalysis, (ii) inter-electrode distance, (iii) surface-volume 
ratio and (iv) supply frequency. 


ExPERIMENTAL 


The general arrangement of the apparatus and the electrical circuit were the same 
as in earlier experiments (loc. cit.). About 3000 c.c. of the gas mixture (CO:H, = 1:1 
by volume) was circulated at the rate of 5 litres per minute through the ozoniser excited 
by an A.C. supply of the desired frequency (500 and 50 cycles) at potentials a few 
hundred volts above the appropriate threshold. The effluent gas before being returned 
to the gas holder was passed through three wash traps connected in series to wash it off 
the soluble products. Duration of each experiment was six hours’ exposure to dis- 
charge, at the cessation of which liquors from wash traps were estimated for formalde- 
hyde and acid ; the residual gas was measured and analysed with an Orsat’s apparatus 
with the usual absorbents for CO, CO, and unsaturated hydrocarbons. 

In experiments with catalystsa ground-in-glass type ozoniser, excited by 4.68 kV 
of 500 cycles A.C., was used. A nearly uniform coating of the catalyst (vide infra) 
under investigation was given on the electrode surface. The results are presented in 
Table I. 

Influence of the inter-electrode distance of the ozonizer was studied with 3 ozonisers, 
each of effective length 265 mm. and inter-electrode distance 1.162, 3.305 and 4.15 mm. 
respectively. In each case the ozoniser was excited by 500 cycles A. C. potentials, 
about 0.8 kV higher than the appropriate threshold value. Results are summarised 


in Table II. 
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TABLE I 
Influence of catalysts. 


Applied potential=4.68 kV. Rate of circulation =5 litres/min. 


Analysis of the residual gas 


+ og & é 7 
e. $6 8 5 9 5 8 
1 £3 et Ss Bue ZB Z Ba S 
No. Catalyst.* KS x] & : ° - - ve 
Bs 8s §8 Ss See LF co,. 42 CO. ae 
a a O OFF S> és £5 
ov'-ee Ss Ps mao 2h 5° i 
2 3 4 5 6 7 8 ** Se* 12 
1, CunO0+Mn0,+Co3;0, 2963¢.c. 693 547 ¢.C. 0.08060 g. 12.6% 4.1¢.C. 4.7% 3-5% 41-2% 50.6% 
(23.4) 
2. CnO+Mn0O, 3004 993 ~2Ss«615 0.07502 10.5 15.2 6.0 3.6 44-1 46.3 
(33-1) 
3- NigO:+Al,O3 2964 oe, 306 007551 21.4 16.1 2.6 18 45.6 50.0 
13.1 
4. Fine copper wire wound 2950 529 470 0.07307 13-7 138 49 2-4 41-5 51.2 
on the inner electrode (17.9) 
5 Finely divided Cu 2900 520 405 0.08923 19.4 11.2 25 3:7 43-9 50.0 
powder +Cr,0; (17.9) 
6. Copper chromite 2968 525 502 0.08632 15-2 9.9 42 2.0 40.2 53.6 
Cu (CrO,)2 (17.7) 
~ 7. Cnu0+MgO+Co;0, 2982 562 450 0.07183 13.8 00 3:5 1.2 43.0 52.3 
+KHCO,; (18.9) 
8. NigO3+MoO; 2937 ea) 438 0.07894 15.7, 11.6 3-5 2.3.- 41.9 52.3 
16.4 
9. Glass wool 2988 1912 876 0.07979 7.9 «24.9 «9.6 3.63.3 5-5 
(33-9) 
10. NigO3+Cr,O3 2900 ie, 461 0.093II 17.7 3-9 3-5 2.4 41.2 52.9 
17.2 
11. NigO3+CeO, 2945 PE 410 0.07773. 16.4 3:2 3:7 25 43-2 50.6 
16.5 
12. Nil 2954 989 724 0.0783 9.4 30.7 7:4 49 383 494 
(33-5) 
13. Nickel powder +MgO 2991 ats 571 0.07881 12.2 6.0 45 3.0 40.0 §2.5 
22.7) 
14. NigQ,+ThO, 2037 te) 395 0.08982 19.8 2.5 2.5 3.0 43-2 51.3 
15-3 


* Two main catalysts, viz. copper oxide and nickel oxide, have been used. The oxides of other 
substances stated have been used as promoters in about decimolar proportion of the main catalyst. 
+ The figures in parenthesis in column 4 refer to percentage. 
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Taare II 


Influence of inter-electrode distance. 


Rate of circulation=5 liters/min. Temperature=29°. 











Yield of Analysis of the residual gas 
formaldehyde 
eo) , 
“ wad ; re} 3 
x | fi Ye = 2 5 
4 g OBIE ae ms F 
7 Ot he) ~ i) = u 
#; & 2 gy - # ee ay a 
£é z 2 4s 2 2 > a 2s 
?s £. 88 4 7 2 = - $3 
fs 82 He 38 #23 & : : i 
he ap a > @ ? 14) 2 < =) mat 
2 3 4 5 6 7 8 9 10 II 12 13 
1.1625mm. 8.4 26570 2g27¢.c. 628 76.5¢.c. 0.1148g. 40.3C.C. 5.0% 3-7% 43:2% 48.1% 
15440 (21.5) 
7 22994 
3 305 10.2 2900 716 81.4 0.1221 32.2 4.8 2.4 41.7 51.1 
37980 (24.7) 
4.15 10.5 2158% 2936 881 %4.4 0,1266 31-5 3-9 18 408 53.5 
4477° (30-9) 
TABLE III 
Influence of supply frequency. 
Rate of circulation=5 litres/min. 
Analysis of the residual gas 
p , } 
Fi e a s-] 2 6 5 
a _ - . ca ~ be Ps 
Suk Ad 9 3 z 3 S 
> ‘ees ae ¢¥ 3 —_ a “oo ag 
3) o = hl 2) a bw a 3 
: =. 5 = a Pe) 35 o 3 
1S) as ae o oo cs nb +% 
. ons 35 « o CZ, a $ oa @ 
< <  ) © om) < =) im? 
4 5 6 7 8 9 10 II 
50 6.92 2950 C.c. an - 0.01810 g. 3.7 ¢.¢. 2.56% 2.56% 47-45% 47-45% 
4.1 
50 8.24 2909 ( vey 0.02874 6.2 2.35 2.35 45-87 49-43 
5° 


. Figures in parenthesis in column 5 in Tables II and III refer to percentage. 
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Surface area and volume of the annular space of these ozonisers have been calculated 
and shown in column 4, Table II. Bearing of these factors on formaldehyde formation 
has been discussed with reference to similar earlier experiments. 

Influence of supply frequency has been investigated with respect to 500 and 50 
cycles of A.C. ‘The results are summarised in Table III. 


DISCUSSION 


As will be seen from Table I, column 6, the yield of formaldehyde in the various 
experiments using different catalysts (column 2) is very nearly a cdnstant quantity, viz. 
onan average about o.o806g. The mean variation from this is of the order of +6.5%. 
The quautities of the total gas mixture and carbon monoxide consumed (columns 4 & 5) 
on the other hand show a wide variation : in the case of former 387 c.c. to 1012 c.c. 


and in the latter, 306 to 876 c.c. Formation of acid (column 8) varies widely : in terms - 


of N/25- NaOH it varies from 0.0 c.c. to 30.7¢.c. It does not appear to be directly 
connected with the formaldehyde yield, but seems to be related with the total amount 
of the gas mixture and carbon monoxide consumed (columns 4 & 5).. For example, in 
experiments 2, 9 and 12, where acid is formed to a. great extent, viz., 15.2, 24.9 and 
30.7 ¢.c. (N/25-NaOH), the quantity of gas mixture and CO consumed are 993 and 615 ; 
1o12 and 876 ; 989 and 724 c.c. respectively, the average consumption of these being 
629 and 512¢.c. There does not appear to be any simple relationship between the yield 
of formaldehyde (column 6) and either the yield of unsaturated cojnpounds, tle acid or 
the CO, formed (columns 10, 8 & 9). On the consideration of these facts it is concluded 
therefore that the reaction giving rise to formaldehyde is not affected by the surface 
catalysts employed, a conclusion which is in agreement with the earlier finding (loc. cit.), 


viz., the reaction, 
H,+CO — HCHO 


which is the primary reaction giving formaldehyde, is a homogeneous one. The 
results further suggest that most probably formaldehyde is not an intermediate stage in 
the formation of CO, and/or acid or unsaturated compounds, because, although the 
quantities of these formed are exceedingly large in experiments 2, 9 and 12, the yield 
of H.CHO is constant, within 2 to 6 % of the average. It is difficult to visualise the role 
of yarious catalysts in the formation of these substances, but the results of experiment 9 
with glass wool, where the active surface for nearly the same volume of the discharge 
space is very large, are suggestive of their formation by surface reactions. This would 
appear to receive additional support from the experiments in Table II. 


The earlier results, where ozonisers made out of the same glass tubinugs but of 
different length were used (Part I, loc. cit , p. 372), have shown that with the increasing 
length of the ozonisers the volume of gas mixture consumed increases although the 
formaldehyde yield shows a decline. In these experiments the surface-volume ratio and 
the inter-electrode distance remained constant. The increased consumption of gases is 
therefore evidently due to longer time of contact of ‘the gases inside the ozoniser. 
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In the present experiments, summarised in Table I1, the length of the ozoniser has been 
kept constant and the diameter of the inner and outer electrode varied resulting in an 
altered inter-electrode distance and surface-volume relationship (vide columns 2 and 4). 
The increasing inter-clectrode distance in the three tubes ‘1.16, 3.31 amd 4.15 mm.) 
has necessitated the application of higher applied potentials (8.4, 10.2 & 10.5 kV) which 
are in all cases about 500 volts higher than the appropriate threshold values. The 
yield of formaldehyde ‘column 8) is nearly a constant quantity, though a slightly increas- 
ing trend is perceptible with increasing inter-electrode distance and volume of the 
discharge space (columns 2 and 4). Ihe volume of gas consumed has also increased from 
628 to 881 c.c. (column 6). 


According to Joshi ‘Trans. Faraday Soc., 1920, 25, 127, 140; Curr. Sci., 1939, 8, 
548), in an ozoniser reaction the absolute values of applied potentials are of little signi- 
ficance ; it is only the value V-V, ‘where V is the applied potential and V,,, the 
threshold) that affects the energy available for excitation. Since in the present experiments 
applied potentials have been adjusted to give very nearly a constant V-V,,, the electrical 
conditions in the discharge tube might be assumed, in all cases, to be very nearly similar. 
Therefore, the increased consumption of gases (vide column 6) cannot be attributed to 
the increasing applied potentials ‘cf. Part I,loc. cit., p. 373) and must be due to increased 
reaction owing to the increased volume of the discharge space (vide column 4). It has been 
suggested earlier (loc. cit.) that the formation of formaldehyde takes place by a homo- 
geneous process. Since the volume of the discharge space has increased in these 
experiments, an increase in the formaldehyde yield is also expected. As seen from 
column 8, this is so, though, of course, this augmented yield of formaldehyde does not 
show a quantitative correspondence with the increase in volume of the discharge space. 


A consideration of the composition of the residual gas with respect toCO (Table IT, 
column 12) and H, plus saturated hydrocarbons formed (‘column 13} suggests that with 
increasing volume of the discharge space there has been an augmented formation of the 
saturated hydrocarbons. This fact considered with the increased consumption of gases 
(column 6) suggests that besides the formaldehyde formation there are other homo- 
geneous reactions which result in the formation of saturated hydrocarbons,” and possibly 
water. What can be a possible mechanism of such a reaction is under investigation. 


It is interesting to observe that although the overall reaction, as indicated by the 
volume of gas consumed (column 6), the yield of formaldehyde ‘column 8) and that of 
saturated hydrocarbons (column 13) have increased with the increasing discharge space 
(column 4), the quantities of acid, CO, and unsaturated hydrocarbons formed (columns 
9, Io and 11 respectively) show a gradual and definite decline. Figures representing 
the electrode surface area and volume of the discharge space (column 4) indicate that 
the absolute value of the former has decreased in the three ozonisers from 26570 sq. mm. 
to 21581 sq. mm. It has been suggested (vide supra) that the formation of the last 
mentioned three substances is catalysed by the active surface, a view that receives 
confirmation from the results under discussion where the relationship between the surface 
area and the yields of these is found to be linear. 


4—1777P—7. 
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Influence of supply frequency is evident from Table III, where the results of two typi- 
cal experiments—one at 8.24 kV and other at 6.92 kV of 50 cycles—are presented. The 
yields of formaldehyde (column 6) as well as the volumes of the gas mixture consumed 
(column 5) are very low when compared to experiments with 500 cycles in Tables II 
and 1. The influence of increased applied potential at 50 cycles also is similar to that 
with 500 cycles (vide Part I, loc. cit., p. 373), viz., an increaed overall reaction as indicated 
by increased consumption of gases, increased acid and hydrocarbon formation (vide 
columns 5, 7 and 11). 


The authors wish to express their sincere thanks to Prof. S. S. Joshi, D.Sc., 
F. R. I. C., F. N. I., for his keen interest and valuable advice. 


CHEMISTRY DEPARTMENT, 
BANARAS Hinpu UNIVERSITY. Received January 20, 1951. 











(Jour. Indian Chem. Soc., Vol. 28, No. 7, 1951] 


THE APPLICABILITY OF LEAD AMALGAM ELECTRODES IN THE 
ESTIMATION OF Pb’, SO,.”, AND Ba’ BY POTENTIOMETRIC 
TITRATION 


By Suni, Kumar Doutta AND B. N. GHosH 


A two-phase lead amalgam electrode under ordinary experimental conditions has been found to be 
applicable in the estimation of Pb‘, Ba ** and SO,” from the aqueous solutions of their salts mixed 
with suitable quantities of ethyl alcohol, by potentiometric titration with standard solutions of sodium 
oxalate, sodium sulphate and lead nitrate. 


It has been observed by many early investigators that in the absence of oxygen 
lead behaves as a reversible electrode. The values of the standard electrode potential 
obtained by different workers (Getman, J. Amer. Chem. Soc., 1916, 88, 792 ; Lewis and 
Brighton, ibid., 1917, 39, 1906) differed a good deal. Puschin (Z. anorg. Chem., 1903, 
86, 201) was the first to point out that all two-phase lead amalgams having percentage of 
lead between 1.8% and 66% exhibited the same electromotive force. Henderson and 
Stegeman (J. Amer. Chem. Soc., 1918, 40, 84) confirmed this from 2.5% to6%. Gerke 
(ibid., 1922, $4, 1684) used an amalgam containing 5% of lead in his experiments and 
confirmed reproducibility. Bray ‘ibid., 1927, 49, 2374) confirmed the observation of the 
previous workers that presence vf oxygen in the electrolyte vitiated the experiments. 
Hatfield and Zapponi (Trans. Electrochem. Soc., 1939, 78, 473) also testified to the 
reproducibility of the lead electrode. 

Kolthoff and Furman (‘‘Potentiometric Titrations’, Wiley and Sons, 1931, p. 65) 
working with low concentration of lead ions did not find lead electrode to be reproducible. 
A reversibile lead electrode was obtained by using ferrocyanide-ferricyanide redox 
system along with lead salt. This electrode was used by Muller and co-workers 
(Z. anal. Chem., 1923, 62, 29 ; 1927, 72, 1195) in the titration of lead. Sulphate was 
estimated by adding an excess of lead nitrate, filtering off the precipitate and titrating 
back with ferrocyanide after the addition of alcohol. This method, according to 
Kolthoff, is not convenient. Similar attempts were made by Zhukov and Raikhinstein 
(J. Gen. Chem. U. S. S. R., 1934, 4, 962) and Shakhkeldian (J. Appl. Chem. U. S.S.R., 
1937, 10, 1706 ; 1938, 11, 56) for the estimation of SO,” and Pb’. These methods, 
according to Kolthoff (loc. cit.) and {Maheswari and Jha (this Journal, 1937, 14, 42), 
suffer from many disadvantages. 

The possibility of the use of lead electrodes in the determination of Ca”’ using 
a system such as, Pb/PbSO,, CaSO,, Ca” was first postulated by Luther (7. physikal. 
Chem., 1898, 27, 364). Such an electrode is usually referred to as an electrode of the 
third order. The suitability of such electrodes in potentiometric titrations was shown 
by LeBlanc and Harnapp (ibid., 1923, A166, 321) who also developed its theory 
adequately. Velisek (Chem. Listy, 1930, 24, 443, 467; 1933, 27, 3) studied the Luther 
electrode as well as Pb/PbC,0,, CaC,0,, Ca” and Pb/Pb (IO;)., Ca (I0;)., Ca and 
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observed that there were many complications which reduced their value as a suitable 
electrode for the estimation of Ca’’. Denina and Caris (Gazzetta, 1938, 68, 293) 
however, observed that Pb (dil. amalgam)/PbC.O,, 


CaC,0,, Ca*’ was very stable and hada sensitivity of Fic. 1 
measurement of 0.1 mV. Moreover, the presence of chlo- 
ride ions did not interfere appreciably. ‘These workers do 

0 L 


not appear to have carried out further researches on 

the lead amalgam electrode, although they held that it 

possessed elcetrochemical properties of great advantage. pens . 
In this paper are recorded the results obtained by 

using lead amalgam electrode in the estimation of lead 

as sulphate, oxalate and chromate, that of sulphate as pabetales sasibs , 

lead and barium sulphate and the estimation of barium ee ne 

as sulphate using the electrode Pb (sat. amalgam.), _ ame 

PbSO,, Ba’’. The titrations have been carried out in 

water and water-alcohol solutions. ‘Two forms of the electrode vessels have been found 


to be suitable and are shown in Fig. 1 





















ExPERIMENTAL 


A two-phase amalgam was prepared by the electrolysis of a 10% lead nitrate solution 
with a mercury cathode, the anode being a Pt-foil dipped in nitric acid contained in a 
separate beaker and connected with the former by means of an inverted U-tube containing 
the same acid. A current of about 50 milliamp. was passed for a period of time sufficient 
to give an approximately 5% amalgam. ‘The amalgam was washed free of the acid 
with distilled water and acetone, dried in a vacuum and stored in a nitrogen atmosphere. 

The reference electrode chosen was saturated calomel half-cell with the siphon limb 
dipping into saturated KCl solution. The salt-bridge connecting the latter with the 
solution in the titration vessel was made with a gel of 3% agaragar containing KNO, as 
the conducting electrolyte. 


The reagents used were of A. R. quality and the usual precautions were taken 
in preparing their solutions. These solutions were standardised by the usual methods: 
lead nitrate, sodium sulphate and barium chloride gravimetrically as the sulphates of 
lead and barium, while potassium chromate was estimated volumetrically, according 
to the methods of Treadwell and Hall ( ‘‘ Analytical Chemistry’’, Vol II, 1945). Sodium 
oxalate was taken as a primary standard, the purity factor having been taken into 
account. A calibrated 25 ml. burette was used in the titrations. All pipettes and 
measuring flasks were also calibrated. 

The reagents were dissolved in water to make 0.2, 0.1, 0.05 and 0.02 normal 
solutions. 10 Ml. of the solution to be titrated were placed in the titration vessel and the 
proper reagent of approximately the same strength added, a few ml. at a time until 
about 90% of the reaction was completed as determined by a preliminary experiment. 
The reagent was then added a few drops at a time and finally dropwise until a clear 
excess of about 1 ml. had been added. The solution was stirred after each addition 
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and the E.M.F. of the cell noted after equilibrium had been reached, as shown by the 
constancy of the E.M.F. to within +1 mV. 

In the following tables, the results of titrations of N/5 and N/s5o solutions only 
have been given, while those of the intermediate concentrations, being of similar nature, 
have been omitted. The end-points have been found out from the maximum value 
of the rate of change of the E.M.F. with the amounts of the reagent added. The results 
in each case have been compared with the analytical data. In the tables E is expressed 
in volts and dE in millivolts. 


TABLE I 


Estimation of lead with sodium sulphate as the precipitant. 


9.88 ml. Pb(NO3)9+n0 alcohol 9.88 ml. Pb(NO3)3+10 ml alcohol. 
Vv. E. dE/dvV. V. E. dE/dV. 
(mV/ ml.) (mV/ml.) 


(i) With 1.067 N/5-NaySO,. 


o mi. 0.391 volt o ml. 0.393 volt 

5 41 4 5 413 4 
8 -433 7* 8 -432 6 
8.5 443 20 8.8 -445 16 
88 -454 37 9-0 -455 50 
9-0 -465 55 9.2 .469 70 
9.2 -479 70 9-3 .508 390 
9-3 -488 go 9.4 .520 120 
9-5 493 25 9-5 -§26 60 
10.0 -§02 18 10.0 531 10 


End-point: 9.25 ml. End-point: 9.25 ml. 
Pb *=0.020688 g./ml. (Gravimetric value : 0.020751 g./ml.} Pb** =0.020688 g./ml. 


(ii) With 1.0674 N/50-Na9SQ,. 


o mi. 0.430 volt o mi. 0.401 volt 
5 443 3 6 431 5 
8 .462 6 8 .453 II 
8.5 466 8 8.8 -470 aI 
9.0 -473 14 9.0 -478 40 
9.2 .480 35 9.2 -490 60 
9-3 -483 30 93 -500 100 
9-4 -485 20 ' 9.4 504 40 
9.8 -490 12 9-7 -507 10 
10.0 -491 5 10.0 -509 7 
End point: 9.2 ml. End point : 9.25 ml. 
Pb** =0.002059 g./ml. (Gravimetric value : 0.002073 g./ml.) Pb** =0.00207 g./mil. 


* Approximated to the nearest unit. 
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Tasie II 


Estimation of lead with sodium oxalate as the precipitant. 


10 ml. Pb(NO3)3+no alcohol. to ml. Pb(NOs),+10 ml. alcohol. 
V. E. dE/aV. V. E. dE/dV. 
() With 1.0014 N/5-NagCO,. 
o ml. 0.395 volt o ml. o “91 volt 
6 418 4 5 -407 3 
9 -440 7 9 432 6 
9.8 472 40 9-7 451 27 
9-9 -490 180 9-9 -470 95 
10.0 +531 410 10.0 +500 300 
10.1 -543 120 10.1 556 560 
10.2 +549 60 10.2 -565 go 
10.5 «561 40 10.3 +570 50 
11.0 +572 22 10.6 * 582 40 
Endpoint: 9.95 ml. End point: 10.05 ml. 
Pb**=0.020645 g./ml. (Gravimatric value: 0.020751 g./ml.) | Pb**=0.02085 g./ml. 
*(ii) With 1.0002 N/50-NagC,0,. 
o ml, 0.428 volt 2 o ml. 0.403 volt 3 
6 -442 7 6 423 12 
9 462 * 20 9 -459 54 
9-5 -472 40 9-5 -486 120 
9.8 -484 80 9.8 522 140 
9-9 2492 140 9-9 536 220 
10.0 -506 go 10.0 -558 140 
10.1 515 50 10.1 +572 70 
10.3 +586 10.3 -586 
-point : End-point: 9.95 ml. 
scaecien tok. (Gravimetric value: 0.002073 g./ml.) Ph*"=0.002062 z/ ml. 
Tasie ITI 
Estimation of lead with potassium chromate as the precipitant. 
Pb (NO,),=9-88 ml. Alcohol—nil. 
(i) With 1.0320 N/5-K,CrO,. (ii) With 1.0297 N/50-KgCrOge 
V. E. dE/dV. V. E. dE/dV. 
o ml. 0.395 volt 3 o ml. 0.420 volt 
6 415 9 6 437 3 
9 443 30 9 -470 II 
9.2 -449 45 9.2 478 40 
9-4 458 go 9-4 -490 60 
9-5 467 360 9-5 -499 99 
9.55 503 (unsteady) 9-55 «506 140 
9.6 461 - 9-6 515 180 
9.8 ane % 7 +525 100 
10.0 os - 9.8 .488 (unsteady) 
10.0 one mA 


End-point : 9.55 ml. End-point =9.6 ml. 
er cosets g./ml. Pb**=0.002072 g./ml. 
Grav. value=0.020751 g./ml. Grav. value=o0.002073 g./ml. 
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Taste IV 


Estimation of sulphate with lead nitrate as the precipitant. 
(i) With Pb (NO3),=1.0015N/s. 
ro ml. NagSO, without alcohol. to ml. NagSO, with 1o ml. alcohol. 


Ve E, dE/dV. Vv. E. adE/dV 
o ml. 0.544 volt 3 o ml. 0.562 volts. 3 
6 -528 5 6 +547 5 
9 512 6 9-0 »532 12 
965 +509 24 9-5 526 23 
9-75 503 52 9-8 519 55 

10.0 .490 10.0 508 100 

10.1 .482 80 10.1 498 320 

10.2 -474 60 10.2 466 140 

10.3 468 40 10.3 -452 45 

10.5 .460 10.5 -443 

End-point: 10.15 ml. (Gravimetric value =0.009725 g./ml.) End-point: 10.15 ml. 


SO,” =0.009763 g./ml. SO,” =0.009763 g./ml. 


(ii) With 0.9986 N/20 Pb(NOs)9* 


o mi. 0.525 volt 2 o ml. 0.547 volt 3 

6 -513 2 6 +532 3 

9 -508 8 9 +517 10 
9-5 504 15 9-5 512 23 
9.9 .498 30 9:9 +503 30 
10.0 -495 40 10.0 «500 50 
10.1 -491 40 10.1 -495 140 
10.2 .487 20 End point =10.15 ml. 10.2 481 50 
10.3 -485 7 SO,” =0.002435 g-/ml. 10.3 -476 17 
10.6 483 Grav. value =0.002428 g./ml. 10.6 471 

* Titrations with N/50 solutions gave unstisfactory results 
TABLE V 
Estimation of sulphate with bartum chloride as the precipitant. 
BaCl,=1.0025N/10.* Pb(NO,),=approx. N/ro. 

10 ml, NagSO4+0.025 ml. Pb(SO3)3+no aleohol. 10 ml. NagSO4+0.025 ml. Pb(NO3)3+ rom. alcohol, 
V. E. dE/dv. V. E, dE/davV. 
o mi. 0547 volt I o ml, 0.570 volt 2 

4 -543 ° 6 +561 I 

8 +542 7 9 5557 5 

9 -535 10 9.6 0554 20 
9-5 -530 13 9.8 -550 40 
9.8 -526 30 10.0 +542 130 
9.9 +523 50 10.1 2529 10 
10.0 518 20 10.2 -528 10 
10.1 516 10 10.3 °527 5 
10.2 -515 7 10.5 2526 

10.5 -513 

End-point: (9.95-0.025)=9.925 ml. ; End-point : (10.05—0.025)= 10.025 ml. 


SO/’ =0.004779 g./ml. (Gravimetric value=0.004860 g./ml.) | SO,”=0.004811 g./ml. 
* Results of titrations-with only one dilution is given as a representative set of data. 
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Taste VI 


Estimation of barium with sodium sulphate as the precipitant. 
(i) With 1.0666N/5-Na,SO, and N/s(approx.) Pb(NO3)9. 


9.88 ml. BaClg+o.1 ml Pb(NO 3), 9.88 ml. BaClz+o.1 ml. Pb(NOg) 
without alcohol. +10 ml. alcohol 
V. E. dE/dV. V. E. dE/dV. 
o ml, 0.457 volt 4 o ml. 0.462 volt 3 
7 -483 3 6 -479 4 
10.5 -493 4 9 -490 1 
11.0 -495 I 10.5 492 2 
11.2 .497 15 11.0 -493 3 
11.4 -500 140 It 3 494 30 
11.5 514 20 11.5 500 110 
11.6 516 5 11.6 511 40 
12.0 518 11.8 519 2 
12.0 522 
End-point: f11.45—0 1)=11.35 ml. End-point: (11.55—-0.1)=171.45 ml. 
Ba** =0.016830 g./ml. (Gravimetric value: 0.016954 g./ml.) Ba**=0.016978 g./ml. 
(ii) With 1 0674N/50—Na2SO, and approx. N/50—Pb(NOs) . 
o mil. 0.490 volt I o ml. 0.470 volt ° 
6 .496 ° 6 471 ° 
10 -496 I 10 -472 6 
II 497 3 II .478 10 
11.3 .498 30 11.3 -481 45 
11.4 .501 70 II 5 -490 270 
11.5 -508 40 11.6 517 10 
11.6 512 20 11.7 518 7 
11.8 .516 5 12.0 «520 
12.0 515 
End-point: (11.45—0.1)=11.35 ml. End-point : (11.55 —0.1)=11.45 ml. 
Ba**=0.001684 g./ml. (Gravimetric value: 0.001692 g./ml.) Ba**=0.001700 g./ml. 


DiscUSSION 


It wili appear from the data recorded in Tables I-IIl that the estimation of 
lead can be made satisfactorily by potentiometric titration, using the lead amalgam 
electrode and standard solutions of sodium sulphate or oxalate or potassium chromate. 
In the first case, the addition of an equal volume of ethyl alcohol (absolute) raises the 
dE/dV values near the end-point and therefore, increases the sensitivity of the process. 
In the case of oxalate, high dE/dV vaiues are obtained near the end-point even without 
the addition of alcohol. In titrating lead salts with potassium chromate, however, the 
electrode ceases to give reproducible values of the electrode potential at or soon alter 
_the end-point is reached, owing, perhaps, to the action of the chromate on the lead 
in the amalgam (Table III). The addition of alcohol does not produce any improvement 
(the data for which have been omitted.) 
The titration of sodium sulphate with lead nitrate gives good results only if 
alcohol is added previously and the solution is not too dilute. Im the case of 
titrations with barium chloride, however, the results are low by about 1%. 
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The titrations of barium chloride with sodium sulphate is satisfactory. The 


addition of alcohol becomes necessary when the solutions are dilute. 

From the facts recorded above, it may be concluded that a two-phase lead amalgam 
forms a reversible indicator electrode under suitable experimental conditions. This is 
in agreement with the observations of Denina and Caris (loc. cit.). 

As already stated, two forms of the electrode vessels have been used. Electrode 
(I) requires less care in handling and titrations may be performed even with a small 
volume of the solution. It suffers from the disadvantage that the precipitate formed 
during the titration settles on the surface of the amalgam causing some delay in the 
attainment of equilibrium and necessitating frequent stirring. Electrode {II), although 
requiring more care in handling in order that the amalgam may not be thrown out of its 
place during stirring, does not suffer from this disadvantage. A clean surface of the 
amalgam is always exposed to the solution and equilibrium is rapidly attained. Moreover, 
the titration vessel may be kept in a thermostat, if necessary. 
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JUTE SEEDS—CORCHORUS OLITORIUS. THE COMPOSITION OF 
OIL OLITORIUS. PART I 


By Jrpan KuMAR CHAKRAVARTI AND NIRMAL KUMAR SEN 


The composition of fatty acids from the oil of Corchorus olitorius (has been determined by 
fractionation of their methyl esters: palmitic acid, 15.65%; stearic acid, 4%; behenie acid, 1.66%; 
lignoceric acid, 1.12% ; oleic acid, 12.43%; linoleic acid, 59.67% ; Cgg (mono-ethenoid)-acid, 2.42% ; and 
non-saponifiables, 3.05%. 


Two varieties of Jute plant—Corchorus capsularis and Corchorus olitorius—are grown 
in Bengal. ‘The seeds of the former are larger in size and of nut-brown in colour, while 
those of the latter are of a blue-black colour. 

The analysis of the oil from C. capsularis was made by one of the authors (this 
Journal, 1928, 5, 759) but a survey of literature reveals that no work has been done on 
the composition of the oil from the other variety of jute seeds-C. olitorius. It has been 
reported that the jute seed oil is largely used with satisfactory results by the natives of Hill 
Tippera, Bengal as a specific for skin diseases ‘Chowdhury, “Jute in Bengal’’, p. 48). 
The object of this investigation was to determine the constituents of a s>ecimen of oil 
from Corchorus olitorius, in addition to making a study of the chemical composition of 
the seeds. 

EXPERIMENTAL 


Extraction of the Oil.—A sample of jute seeds ‘Chinsura Green) was obtained from 
the Director of Agricultural Research, Chinsura. These were dried in the sun, cleaned, 
and coarsely powdered. ‘The powdered seeds were then completely extracted with 
petroleum ether (b. p. 40°-60°) in a soxhlet. The last trace of solvent naphtha was 
removed by heating on a water-bath under vacuum, yielding about 15% of a brownish 
yellow oil. In such extractions always freshly powdered seeds were employed as it 
was found that the powdered seeds on storage yielded oil with increasingly higher 
acid value. ‘To compare the yield of oil by pressure, a sample of seeds was subjected to 
hydraulic pressure, but only 6-8% oil was obtained. The oil was darker in colour. 
The residual cake, when extracted with naphtha (b.p. 40°-60°), gave about 4-5% oil, thus 
showing a mechanical !oss. 

Characteristics of the Oil.—The naphtha-extracted oil was of brownish yellow 
colour which on refining became brighter. The freshly extracted oil had a charac- 
teristic odour which on keeping long gradually became musty and rancid. The oil on 
storing deposited some solid forming a dry adherent film at ordinary temperature. It 
burnt with a bright, odourless and almsot non-sooty flame. 

A specimen of the extracted oil was taken for analysis. ‘The following are some 
of the characteristics of the crude oil : 


TABLE I 
Moisture and other volatile matters _... 2.1% 
Extraneous (non-fatty) impurities «- 10.5% 


Total fatty matters oa ae 
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Refining of the Oil .—In refining of the crude oil difficulty was experienced with 
the nature of alkali and other experimental conditions. Attempt to refine it with caustic 
soda solution was met with considerable loss on account of the difficulty in breaking up 
the emulsion once formed. ‘The method with anhydrous sodium carbonate was also 
tried but the percentage of loss was still higher. 

Since the loss in refining depends mainly upon the free fatty acid content of the 
oil, freshly extracted oil having low acid value from freshly powdered seeds was 
employed for refining. ‘The following method of refining with magnesium oxide gave 
good results. 

A lot of about 100 g. of the oi! was thoroughly mixed up with about o.5 g. of MgO, 
gently warmed on a water-bath for nearly 30 minutes and then kept in a vacuum 
desiccator for 24 hours. It was then warmed on a water-bath for a while and filtered 
hot and the filtrate extracted with ether. The solvent was distilled off and the residual 
oil was heated in a current of CO, at about 110° to remove the last trace of ether. 
About 86 g. of a light yellowish oil with an acid value of 1.4 was obtained. 

The refined oil was used for the determination of the physical and chemical charac- 
teristics and compared with those of the crude oil . 


TaBLe II 
Refined oil. Crude oil. Refined oil Crude oil 
Acetyl value 19.8 
Sp. gr (30°) ss 0.9184 0.QI1T5 R. M. value 0.21 
Titer i —10° a Neutral oil content 96.4% at 
Ref. index (30.2°) ... 1.4585 1.4605 Non-sap. (Kerr-Sorber) 3-05 3-27 
Sapon. value ie 191.7 190.9 Hehner value (insol..acid) 93.7% 
Iodine number Sid 103.3 107.7 Glycerol 9.8 


Acid value ia 1.4 14.6 


From the icdine value it is evident that the oil is a semi-drying one. The low R. M, 
value indicates that only a trace of glycerides of lower fatty acidsis present, but high 
percentage of insoluble acid shows that a considerable amount of fixed fatty acids is 
present in the oil. 

Saponification of the Oil.—On subjecting 250 g. of the oil to steam distillation 
the distillate was found to contain no volatile constituents. 

The oil (250 g.) was saponified with a soiution of 150 g. of KOH in about 600 ml. 
of alcohol (95-98%) ; the solution was boiled under reflux for 6 hours. The most of the 
alcohol was removed by distillation and the soap was dissolved in water. ‘The unsaponi- 
fiable matter was separated from the soap solution with naphtha by the method of 
Jamieson. ‘The naphtha extracts on complete removal of the solvent left some light 
yellowish mass ‘3%). On further crystallisation of this substance a white crystalline 
product was obtained. From preliminary examination this was found to contain a 
mixture of sterols. Their separation and further study will be discussed in a separate 
communication. 

The mixed fatty acids were liberated from the residual soap solution by 10% 
sulphuric acid in presence cf Congo red paper and extracted with ether. The ether 
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extract was washed several times till free from mineral acids, filtered, dried with 
anhydrous Na,SO, and the solvent distilled off. The residual fatty acids were dried 
under vacuum at about 100° ; yield 93.68%. 

Separation of Solid and Liquid Fatty Acids.—The mixed fatty acids were separated 
into solid (saturated) and liquid (unsaturated) acids and their iodine values determined. 
Two methods were tried and their comparative data are given in Table II]. The 
operation was repeated till the solid acids showed minimum iodine value. 


Tasie III 
_ Liquid acid. Solid acid. 
1 Twitchell lead-salt-alcohol method ... 8.0% 21.8% (I. No. 3.0) 
2 Lead-salt-ether method oa 74.6% 25-3% (I. No. 16.3) 


The solid fatty acids separated by Twitchell’s method were practically free from 
unsaturated acids, as indicated by its iodine number and were used for further study. 

Some characteristics of the mixed acids and the saturated and unsaturated acids were 
studied as shown below. 


TaBLe 1V 
eed Mixed acid. Unsatd. acid. Satd. acid. 
Melting point a — = 47°-50° 
Titer ove 28.5°—29.5° -5° oad 
Iodine number (Kaufmann) 119.1 148 5 3.0 
Sap. value ae 201.7 198.2 213 5 
Molecular wt. (mean) 277.6 282.5 262.3 


Saturated Acids.—The solid fatty acids obtained by Twitchell’s method were crystal- 
lised fractionally from 95% alcohol and kept overnight in a frigidaire whereby the least 
soluble fraction was obtained first in sail amount, which melted at 72-74° and had 
its neutralisation value 156.73. From this observation it was evident that same acids 
of higher carbon content than stearic acid were present. By applying Renard test for 
arachidic acid only a trace was detected. 

From the mother-liquor major portion of the saturated acids was obtained by 
evaporating off the alcohol. This on further crystallsation from dilute alcohol yielded 
a product (m.p. 52°-54°) having neutralisation value 212.4, which evidently showed 
that this major fraction of the saturated acids consisted of a mixture of palmitic and 
stearic acids forming a chemical entity which could not be further separated by fractional 
crystallisation. The saturated fatty acid constituents were, however, separated by frac- 
tionation of their methyl esters under vacuum. 

Complete Fractionation Data for the Component Acids.—The oil yielded solid acid, 
21.24% ; liquid acid, 75.71% and N.S., 3.05% 

A sufficient quantity of methy] esters of both the solid and the liquid acids was 
prepared and the respective esters were fractionated through an E, H. P. column as 
described by Longenecker (J. Soc. Chem. Ind., 1937, 56, 199T) under vacuum 
(9.2-0.5 mm.). 








JUTE SEEDS-CORCHORUS OLITORIUS 


‘Tasie VA 


Fractionation of methyl esters of solid acids. 


Ester taken=21.79 g. (I. V. 2.9). 





VE re 








Wt. B.p. S. E. 5. ¥. Composition of ester fractions as 
saturated oleic-linoleic 
Cis Cis Cy Cu- Cig. 
3 20 g. 148-152° 271.8 3.0 2.86 0.23 — = 0.11 
3-63 152-155° 273-1 3-5 2.82 0.65 =~ _ 0.14 
4-10 155-160" 275.2 3-6 3-22 0.71 _ —_ 0.17 
3.80  160-165° 278.2 4.2 2.58 1.04 — — 0.18 
3-91 165-168° 281.0 5-1 2.23 1.45 _— — 0.23 
3:10 Residue 355-7 8.3 — a 1.68 1.12 0.30 
Weights : 13.71 4.08 1,68 1.12 1.13 
% Esters : 63.1 18.8 7-7 §.2 5.2 
% Acids : 63.0 18.8 7.8 5-3 5.1 
TABLE VB 
Fractionation of methyl esters of liquid acids. 
Ester taken =32.70 g. (I. V. 144.3) 
Wt. B.p S.E. LV. Composition of ester fractions 
Saturated. Unsaturated. 
Cis. Cig (mono). Cig (di). Cy (mono). 
4.70 Z. 140-145° 290.9 145.1 0.18 1.11 3-41 - 
4-10 145-150° 2911 149.0 0.14 0.81 3-15 - 
5-31 1§0-158° 201.7 151.2 0.13 1.04 4.14 — 
4-91 158-163° 292.0 153-1 0.16 0.76 3-59 - 
4.39 163-170° 292.6 154.0 0.13 0.65 3-61 _ 
4.80 170-176° = 293.1 156.1 0.19 0.51 4.10 os 
4.40 Residue 300.2 147-7 0.08 —_ 3-28 1.04 
Weights : 1.01 4.88 25.68 1.04 
% Esters : 3.1 14.9 78.8 3-2 
% Acids : 3.0 15.0 78.8 3-2 
TaBLe Vc 
Caiculated composition of total fatty acids from oil olitorius . 
Solid acids Liquid acids Total. 
(21.24%). (75-71%). 
Saturated 
Palmitic 13.38 2.27 15.65 
Stearic 4.00 — 4.00 
Behenic 1.66 — 1.66 
Lignoceric 1.12 _ 1.12 
Unsaturated 
Oleic 1.08 11.35 12.43 
Linoleic etc, = 59.67 59.67 
Cop (mono-ethenoid) _ 2.42 2.42 
~ 3-05 


Non-Saponifiables 
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Further investigations of the component glycerides and fatty acids of oil olitorius 
by the aid of the more recent techniques, such as spectrophotometric determination and 
low temperature crystailisation are being carried out by one of the authors (N. K. S.) 
in the laboratory of Prof. T. P. Hiiditch, F. R.S. and will be the subject matter of a 
subsequent communication. 

The authors wish to express their grateful thanks to Dr. M. A. Saboor, Deputy 
Director of Industries (Reserach), Govt. of West Bengal for his helpful suggestion and 
criticism, and tothe Education Directorate, Govt. of West Bengal for a research grant 


to one of them (J. K. C.). 
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ON THE RELATIONSHIP BETWEEN FLUIDITY AND MOLECULAR 
WEIGHT IN HOMOLOGOUS SERIES. A NOTE 


By Asoxe KuMAR MUKHERJEE 


It has been shown from theoretical considerations that fluidities of substances in a certain homo- 
logous series should be compared for the same value of aT. At this condition fluidity is a function 
of molecular weight. The nature of the function has been determined by an appeal to experiments whence 
it is found that under the above condition it isa linear function. 


Thomas Graham (Ann. Chem. Pharm., 1863, 128, 90) suggested that there should 
be some regularity in the change of viscosity in passing from a lower to a higher 
member of any homologous series analogous to the rise in boiling point observed by 
Kopp. The observations of Thorpe and Rodgers {vide Hatschek, ‘The Viscosity of 
Liquids’, 1928) in a way corroborate these suggestions. They compared viscosities 
of liquids of the same homologous series at their boiling points and also at tem- 
peratures at which the temperature coefficient of viscosity (dy/dt) had the same value 
by the help of »—-t curves and attempted at a quantitative correlation by introducing 
a term ‘“‘molecular viscosity’’ 7. V7* where V represents the molecular volume of the 
liquid. A comparison of molecular viscosities at equal (dy/dt) revealed a regular 
increase of this quantity with a regular increase of CH, groups. The first member 
of the homologous series, of course, showed slight anomalies but the increment of 
molecular viscosity centred round a mean value of 12010‘ units. Bingham (Z. 
bhysikal. Chem., toy, 66, 1) from fluidity—temperature curves compared the tem- 
peratures of equal fluidity for a member of the same homologous series and observed them 
increasing regularly with each addition of CH, group in the case of non-associated 
liquids. 

All these attempts, however, led to empirical results. McLeod (Trans. Faraday 
Soc., 1925, 21, 151) was of opinion that if the idea that viscosity of a liquid was 
inversely proportional to the free space was strictly correct, the problem would be 
best attacked by comparing viscosities at temperatures of equal free space. From 
a study of several homologous series he came to the conclusion that viscosity of a liquid 
was a linear function of molecular weight and inversely proportional to the free space. 
This marks the first attempt at a rational quantitative attack on this problem. 


Since then various attempts have been made with a view to unravelling the true 
nature of the relationship between viscosity and molecular weight in the homologous 
series. Of these, the concept of rheochor, as proposed by Friend ‘Nature, 1942, 150, 
432), deserves special mention. Other attempts all led to empirical relations and as 
such they contribute very little to the elucidation of the general mechanism of viscous 
flow. In the present paper an attempt has been made to attack this problem from a 
theoretical point of view and an equation has been presented connecting fluidity and 
molecular weight. 
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It has been shown in two previous communications (this Journal, 1950, 27, 590 ; 
1949, 26, 493) that the fluidity (¢) of a subst ance may be connected with temperature 
through the coefficient of thermal expansion («). The equation is of the form 

a+b¢ = exp (aT) — ioe ie oD 
where a and b are constants and are given by, 
@ = exp {aT,) and b = a/C.V, 
where V,, T,, and C are constants for the liquid. It has also been shown that a is 
a constant for a particular homologous series. Comparing two liquids of the same 
series at equal exp (aT) we get, 
a+b,¢, = exp («,T;) 


exp {a,T,) = a+b.¢, 
whence it follows, that at equal exp («T) 


bi, = dada. 
i.e., for a particular homologous series and for the same value of exp ‘«T) 
bg = constant hot ro ie 


From what has been discussed about Il; in the previous papers, V, is the molar 
volume of the liquid when there is no free volume of the liquid in it and as such 
it is a’function of molecufar weight, at least so far as the homologous series are 
concerned. 

Whence b = exp («T,)/C.V. = 1/F(M) = ana - (3) 


where F(M) represents a function of the molecular weight, M. 
Whence 9=/(M) where /(M) stands for another function of molecular weight. 


The function f(M) can be expanded in a power series in M as 
@ = agt+a,M+a,M’*+ ...... 


where dy, Gy 42, etc. stand for constant coefficients. 


Fig. 1 Fig. 2 


1-Alkenes. n-Alkyl- cyclohexanes. 
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Fig. 3 Fig. 4 
n-Alkanes. n-Alkyl benzenes. 
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Thus, it is established that for a homologous series at the same value of aT, the 
fluidity ¢ is the same function of molecular weight. Regarding the exact nature 
of the function nothing can be said a priori from a theoretical point of view. For 
this reason an appeal to experiments reveals the results plotted in Figures 1 to 7. The 
plots appear to be linear with a negative slope indicating that fluidity at same «7 dimi- 
nishes with molecular weight in a linear manner i.e., 


@ =a,+a,M - he eee (4) 


where a» and a, are positive and negative quantities respectively. 


From the above it can be concluded that at constant exp (aT) the fluidities of 
the members of the same homologous series diminish as the molecular weight increases 
i.e., as we ascend higher up in the series. This conclusion is arrived at from experi- 
mental data helped by theoretical considerations as set forth in equation (1). McLeod 
(loc. cit.) concluded that since viscosity was connected with free space, the viscosities 
should be suitably compared at equal free space, i.e., at temperatures where free space 
may be shown to be the same. In the present case free space is equivalent to 
exp «(T—T,) and since in a homologous series exp («T,) is constant for a given series, 
the free space of the homologous series is determined by exp (a7). Since in this 
case fluidities have been compared at constaut exp(aT), it is tantamount to a com- 
parison at the same free volume as advocated by Mcleod (loc. cit.). The advantage of 
the mode of approach presented herein consists in the fact that the relationship between 
fluidity and molecular weight becomes directly evident through the term ‘b’ but the 
exact nature of the function has been known only by appeal toexperiments. The 
relationship derived has been a linear one between ¢ and M with a negative slope. 
In this respect it differs from the relation suggested by McLeod where he connects 
viscosity coefficient with molecular weight. 


6—1777P—7. 
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Fig. 5 Fig. 6 
n-Alkyl cyclopentanes. Thiols-1. 
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Another advantage has been that the present method of approach’is free fiom 
any arbitrary assumptions but follows directly from the concept of free volume. 

The author’s thanks are due to Dr. S. N. Mukherjee, Professor of Physical 
Chemistry, for necessary help, to Dr. H. L. Roy, Professor-in-charge’ of ‘Chemical 
Engineering for guidance and to the authorities of the institution for erirpr him the 
facilities of library and laboratory. 
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REACTIONS OF CHLORIDES OF SULPHUR WITH ASPIRIN 
AND ACETOXY-8-NAPHTHOL 


‘By J. W. Arran AND D. M. KuLKARN1 


Aspirin with suiphur di- or monachloride yielded sulphides in which hydrolysis had taken place. 
Acetoxy-8-naphthol with sulpbur mono- and dichloride afforded plastic mass, but with sulphur trichloride 
it. yielded a sulphide without undergoing hydrolysis. Acetoxy-8-naphthol reacted with thionyl 
chloride vielding a mixture of 2:2’-diacetoxy- and 2 :2’-dichloro-dinaphthy! sulphides. 


Acetyl derivatives of sulphides of 8-naphthol and salicylic acid were needed as 
Starting materials in connection with some other work on hand and had to be prepared 
by first obtaining the sulphides according to the method followed by Airan and Shah 
(J. Univ. Bombay, 1940, 9, Part III, 120) and then by acetylating the sulphides so 
obtained. It therefore occurred to us to treat straightway acetoxy-8-naphthol and 
aspirin with chlorides of sulphur. 

It was found that aspirin with either sulphur dichloride or monochloride yielded 
sulphides in which hydrolysis had taken place. With sulphur dichloride it forms, in addi- 
tion to the already kn »wn (Hirwe, Jadhav and Chakradeo, J. Amer. Chem. Soc., 1935, 
§7, 101) monosulphide, a trisulphide, whereas with sulphur monochloride a tetrasulphide 
is obtained. Even when, instead of chloroform, glacial acetic acid was used as the 
medium, the acetoxy group was hydrolysed and a similar course of reaction took place. 

Acetoxy-8-naphthoi, on the other hand, gave with both these chlorides only a 
plastic mass. On treatment with thionyl chloride, however, it: yielded a mixture of 
2:2'-diacetoxydinaphthyl sulphide (Airan and Shah, loc. cit.) and 2:2'-dichlorodinaphthyl 
sulphide. Thus, a portion of acetoxy-8-naphthol seems to have reacted to form the 
sulphide without undergoing hydrolysis. At the same time, another portion, appar- 
ently during the sulphide formation, underwent hydrolysis, the OH group so formed 
ultimately being replaced by Cl. For, the resulting sulphide does not seem to have 
yielded to the treatment calculated to bring about either acetylation or hydrolysis. 


ExPERIMENTAL 


Reaction of Sulphur Dichloride with Aspirin.—Aspirin {20 g.) was suspended in 
chloroform (100 c.c.} and sulphur dichioride ‘7 c.c.) was added in the presence of zinc 
‘chloride (o.2 g.} used asa catalyst. Slowly at the room temperature a clear red solution 
was formed and then a solid began to separate out. When allowed to stand overnight, 
it yielded a total of 12.g. of the product, m.p. 255-60°. On crystallisation from glacial 
acetic acid, two fractions were obtained: 

The first fraction (I) melted at. 273-74°, and the second (II) at 220-21°. Both 
contained sulphur and gave ferric chioride test for hydroxy! group. 

[Found (compound I): S, 10.58. CisH 00.5 requires S, 10.46 per cent ]. 

[Found (compound II): $, 25-72. C1sHieO.Ss requires S, 25.95 per cent]. 

The former was found to be identical with 3:3’-dicarboxy-4:4/-dihydroxydiphenyl 
‘sulphide, reported by Hirwe, Jadhav and Chakradeo (loc. cit.}. 

Nitration of Compound (II}.—Compound (II, 2g.) was refluxed with 50 c.c. of 
10% nitric acid for 2 hours. The mixture was rapidly filtered while hot. On cooling, 
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a white solid separated, which on crystallisation from water melted at 226-27°. It 
contained nitrogen but no sulphur. It was found to be identical with 5-nitrosalicylic 
acid (m.p. 227°), reported by Hirwe et al. (loc. cit.). 

Reaction of Sulphur Monochloride with Aspirin.—Aspirin (20 g.) was treated in 
chloroform with sulphur monochloride (7 c.c.) as described earlier. Here alsoa total of 
13 g. of the product was obtained. On crystallising it from glacial acetic acid only one 
compound melting at 231-32° was obtained. It contained sulphur and also gave ferric 
chloride test for the hydroxyl group. Its mixed melting point with compounds (I) and 
(II) showed depression. (Found: S, 31.86. C,,H,.0,S, requires S, 31-84 per cent). 

Nitration of compound (III) was effected in the same manner as described above and 
a product (m.p. 226-27°i, identical with the one mentioned above, was obtained. 


Changing the Medium from Chloroform to Glacial Acetic Acid 


(a). With Sulphur Dichloride as the Reagent.—Same proportions and conditions, 
as when chloroform was used as medium, were maintained. Instead of the reaction 
product separating out the same day, in this case, a period of two days was required. 
Both the trisulphide (m.p. 220-21°) and the monosulphide {273-74°) were obtained 
as before. 

(b}; With Sulphur Monochloride as the Reagent.—Here also similar conditions 
were maintained and only the tetrasulphide {m.p. 231-32°; was obtained. 

Reaction of Sulphur Dichloride and Monochloride with Acetoxy-B-naphthol.— 
Acetoxy-8-naphthol, dissolved in 25 c.c. of chloroform, was treated once with sulphur 
dichloride ‘3 c.c.} and then with sulphur monochloride (3 c.c.) in the presence of zinc 
chloride ‘0.2 g.). Since no solid separated on keeping the mixture overnight, the 
solvent was removed by distillation, when in both the cases only a plastic mass was 
obtained from which no crystalline solid could be recovered. 

Reaction of Acetoxy-B-naphthol with Thionyl Chloride.—Acetoxy-8-naphthol ‘5 g-) 
was treated with thionyl chloride (12 ¢.c.) in the presence of zinc chloride (0.2 g.). 
The compound dissolved slowly forming a clear greenish yellow solution. It was then 
kept overnight, when a solid separated. Excess of thionyl chloride was removed by 
distillation and the residue was washed with ether. The crude yellow solid (3 g.) 
was then treated with hot acetic acid when most of the solid dissolved, leaving behind 
a small yellow residue. ‘The filtrate, on cooling, gave a crystalline white solid, m.p. 
197-98° and it was identical with 2:2!-diacetoxydinaphthy! sulphide reported by Airan 
and Shah (loc. cit.). 

The yeilow residue was then purified by washing it with hot alcohol in a soxhlet 
as this was found to be insoluble in most of the common solvents. It melted at 270- 
71° and contained both sulphur and chlorine. Its mixed melting point with 2:2’- 
dihydroxydinaphthy] sulphide and 2:2’-diacetoxydinaphthy] sulphide, reported by Airan 
et al. (loc. cit.), showed depression. (Found: §S, 9.315; Cl, 20.4. C.oH,,C1,S requires S, 
9.014; Cl, 20.0 per cent). 

This compound remained unaffected when refluxed with acetic anhydride or 


alcoholic potash. 


RaJARAM COLLEGE, Received March 27, 1951. 
KOLHAPUR. 
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SYNTHESIS OF COMPOUNDS ALLIED TO CHLOROMYCETIN 
By A. B. Sen anp D. D. Mukerji 


The m-nitro and p-chloro analogtes of chloromycetin have been synthesised. 


Recently Buu-Hoi et al. (Compt. rend., 1950, 230, 662 ; 229, 1343; J. Chem. Soc., 
1950, 2766) have described the preparation of m-nitro and p-chloro analogues of chloro- 
amphenicol. We were also working in this direction and in view of the above publi- 
cations, we are placing on record the results of our observations on the preparation of 
the above analogues. The scheme of synthesis followed is based on the method of Long 
and Troutman (J. Amer. Chem. Soc., 1949, 71, 2469). 


EXPERIMENTAL 
p-Chlono Analogue of Chloromycetin 


Hexamethylenetetramine Salt of p-Chloro-w-bromoacetophenone.—To a mixture 
of 10.4 g. (0.07 moie) of powdered hexamethylenetetramine and 60 c.c. of dry chloroform 
after few minutes’ stirring at room temperature, was added a solution of of p-chloro-w- 
bromoacetophenone (15 g., 0.068 mole) in 60 c.c. of chloroform. The temperature of 
the reaction mixture rose to 48°-50°, which was maintained by external heating for 4 
hours. ‘The mixture was cooled to 30° and filtered. The filtered solid was purified by 
repeated washing with 95% alcohol and filtration, m. p. 162-64°, yield 17 g. (72%). 
(Found : N, 15.48. Calc. for C,,H,,ON,CIBr : N, 16.0 per cent). 

p-Chioro-a-aminoacetophenone Hydrochloride.—To a stirred solution of 95% alcohol 
(55 c.c.) and concentrated hydrochloric acid (27.c,c.) was added hexamethylenetetramine 
salt (15 g.) and the stirring continued for 16 hours at room temperature (25°). ‘The mixture 
was cooled to 5° and filtered. The white crystalline product which consisted of the amine 
hydrochloride and ammonium chloride was stirred for 15 minutes with 12 c.c. of water 
at 25° and then cooled to 10° and filtered. The dried product weighed 10 g., m.p. 252° 
(decomp.). (Found: N, 12.96. Calc. for CSH,ONCI.HCI: N, 13.3 per cent). 

p-Chloro-a-acetamidoacetophenone.—To a stirred mixture of -chloro-a-amino- 
acetophenone {9 g., 0.042 mole), water (30 c.c.) and chipped ice (60 g.) was first added 
Io ¢.c. of acetic anhydride and then rapidly a solution of sodium acetate (13 g.) in 50 
c.c. of water. Throughout the operation temperature was kept below 10°. Stirring 
was continued until temperature rose to 20°, when the reaction mixture was made 
strongly acid with hydrochloric acid and filtered. The solid product was washed and 
dried and crystallised from ethyl acetate, m.p. 165-66°, yield 10 g. (98%). (Found: N, 
6.30. Calc. for C,oH,.0O,NCi: N, 6.62 per cent). 

p-Chloro-2-acetamido-8-hydroxypropiophenone.—To -chloro-*-acetamidoacetophe- 
none (16 g.) were at first added 95% alcohol (30 c c.) and 36-38% formaldehyde (7 c.c.) 
and then sodium bicarbonate (0.4 g.) with stirring and the mixture was stirred for 2 
hours at 35° when a clear solution resulted. It was then poured on 400 yg. of crushed 
ice and allowed to stand in the cold when a white powder settled at the bottom, which 
was collected on a filter paper, yield 15 g. A portion of it on crystallisation from water 
melted at 119-21°. (Found: N, 5.46. Calc. for C,,H,.0,;NCI: N, 5.79 per cent). 
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1-p-Chlorophenyl-2-acetamido-1:3-propanediol.—A mixture of p-chloro-a-acetamido- 
-B-hydroxypropiophenone (7 g., 0.03 mole), aluminium isopropoxide (11 g-, 0.052 
mole) and 100 c.c. of dry isopropyl alcohol was slowly distilled from a flask fitted with 
a stirrer and a Hahn condenser until the distillate showed negative test for.acetone ‘5 
hours). Further quantity of isopropyl alcohol was distilled until a total of 60 c.c. was 
removed. The reaction product was cooled just below reflux temperature and then 
treated with ro c.c. of water and the mixture was filtered hot after refluxing for 15 
minutes. The filtered solid was twice extracted with 50 c.c. portions of boiling isopropyl 
alcohol and filtered. The combined filtrate was concentrated in vacuo and ‘the’ oily 
residue crys‘allised from ethyl acetate, m. p. 160-62°, yield 3g. (Found: N, 5.31. 
Calc. for C;,H,,O;NCI: N, 5.73 per cent). 

1-p-Chlorophenyi-2-amino-1:3-propanediol.—A mixture of the monoacetyl derivative 
(2.54 g.) and 5% hydrochloric acid (25.4 c.c.) was heated on a steam-bath with occasional 
swirling. A clear solution resulted within a few minutes and the heating was continued 
for 1 hour. ‘The solution was cooled slightly, mixed with charcoal and filtered. The 
yellow solution was cooled and made strongty basic with 20% sodium hydroxide solution. 
On, cooling an almost colorless solid precipitated which was crystallised from water, m.p. 
320-21°, yield 1.9 g. (Found : N, 6.46. Calc. for C,H;,0,NCI1: N, 6.9 per eent). 


m-Nitro Analogue of Chloromycetin 


The m-nitro analogue of chloromycetin was also prepared by following the above 
method. 

Hexamethylenetetramine salt of m-nitro-w-bromoacetophenone was obtained by 
condensing m-nitro-w-bromoacetophenone (22 g.) with powdered hexamethylenetet- 
ramine (14 g.}, m.p. 170-72° (decomp.}, yield 32 g. (Found; N, 19.03. Calc. for 
{,4H,,03N;Br : N, 19.44 per cent). ee 

m-Nitro-a-aminoacetophenone hydrochloride was obtained by converting hexame- 
thylenetetramine salt (30 g.) into amine hydrochloride, m. p. 237-39°,. yield 16g. 
(Found : N, 12.67. Calc. for C,H,O,N,.HC1: N, 12.9 per cent). 

m-Nilro-a-acetamidoacetophenone was prepared from m-nitro-*-aminoacetophenone 
hydrochloride (15 g.) with sodium acetate and acetic anhydride, yield 9g. (60%). 
It was. crystallised as yellow needles from ethyl acetate, m. p. 140-43°. (Found: N, 
12.36. Cale. for CyoH. OiN2: N, 12 61 per cent). 

m-Nitro-a-acetamido-B-hydroxypropiophenone was obtained from m-nitro-a- 
acetamidoacetophenone (8 g.) and 35% formaldehyde and sodium bicarbonate, yield 
7.2.g. (80%). It was crystallised from ethyl acetate, m.p., 160-62°. (Found: N,-10.9. 
Cale. for C,,H;20;N.2: N, 11.11 per cent). 

1-m-Nitrophenyl-2-acetamido-1 : 3-propanediol was obtained on reduction of m- 
nitro-a-acetamido-8-hydroxypropiophenone (7g.) with aluminium isopropoxide, yield 
3.0g.,m. p. 171°. (Found: N, 11.46. Calc. for C,,H,,OsN2; N, 11-02 per cent). 

1-m-Nitro-2-amino-1:3-propanediol was obtained by hydrolysing the monoacetyl 
derivative (2.5 g., 0.or mole} with 5% hydrochloric acid at 95° for 2 hours, m. p. 
127+29°, yield 1.7 g. (85%). (Found: N, 13.12. Calc. for C,H,,0,N,: N, 13.4 per cent). 
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INTERACTION OF HYDROXVACETOPHENONES AND THEIR 
DERIVATIVES AND THIONYL CHLORIDE IN PRESENCE OF 
FINELY DIVIDED COPPER. PART III. PREPARATION 
OF 3:3'-DIACETYL-4:4/-DIHYDROXY-6@:6'-DIPHENYL 
THIOETHER AND ITS DERIVATIVES FROM 

: PEONOL 


By G. V. JapHAv AND J. R. MERCHANT 


- 3 13*-Diacety!-4 :4’-dihy droxy-6 :6’-dimethoxydiphenyl thicether, its phenylhydrazone, oxime, diacetyl! 
and dibenzoy! derivatives and nitration and bromination products are described. 


The reaction was carried out in presence of dry chloroform when the thieether 
was obtained. Its constitution was arrived at from the result of the action of nitric 
acid on it in cold acetic acid medium, when 2-hydroxy-4-methoxy-5-nitroacetophenone 
(5-nitropeonol) was obtained. ‘This showed that the two nuclei were linked through 
sulphur atom in the position which is para toOH and meta to COMe group. Its 
phenylhydrazone, oxime, diacetyl and dibenzoy! derivatives were prepared. 

Bromination of the thioether with 2.5 molecules of bromine in acetic acid medium 
and continuou: shaking for a long time gave 5-bromopeonol, which gave further support 
to the constitution. With excess of bromine in acetic acid medium and with a crystal 
of iodine it gave dibromopeonol, in which the other bromine atom might probably be in 
the side chain, as it was easily hydrolysed by heating with dilute alkali, and one bromine 
‘atom was lost. 

The mechanism of the reaction may be explained in the same way as is done by 
Hirwe, Jadhav aind Chakradeo (J. Amer. Chem. Soc., 1935, 517, 101; J. Univ. Bombay, 
1933, 2, Part II, 128; this Journal, 1934, 11, 551) as the same thioether is obtained by 
using sulphur monochloride or sulphur dichloride in presence of a few mg. of copper. 


ExPERIMENTAL 


3:3/-Diacetyl-4:4'-dihydroxy-6:6'.dimethoxydiphenyl Thioether (1).—Peonol (12 g.) 
was dissolved in dry chloroform (15 c.c.) and thionyl chloride (20 g.) was added to it, 
the flask being surrounded by crushed ice. Copper powder (8.g.) was gradually added 
and the whole mixture was left overnight at room temperature. Next day the mixture 
was heated for ten minutcs on a water-bath at 60°. More dry chloroform was added 
and the solution boiled and filtered. Pasty mass remained behind after removal of the 
liquid,’ from which yellow solid was obtained after repeated treatment with acetone. It 
was finally crystallised from acetic acid in light yellow needles, m.p. 223-24°, yield 2.5 g. 
(Found : S, 8.6. C,,;H.0,S requires S, 8.8 per cent). 

It gave greenish coloration with alcoholic ferric chloride solution and was found soluble 
in benzene, carbon tetrachloride and alcohol. 
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The same thioether was obtained when the ketone (2 g.) was treated with sulphur 
mono or dichloride (1 g.) in dry chloroform solution and the reaction mixtur » was left 
overnight at room temperature and heated on a boiling water-bath for about 20 minutes. 

The following derivatives of the thioether were prepared. 

The phenylhydrazone was prepared by heating it with phenylhydrazine in presence 
of acetic acid on a boiling water-bath for 15 minutes. It was crystallised from acetic acid 
in yellowish white plates, m. p. 243-44°. (Found: N, 10.5. Cs.H3s00.N,S requires 
N, 10.3 per cent). , 

The oxime was prepared by heating it with hydroxylamine hydrochloride and 
caustic potash in presence of a little alcohol on a boiling water-bath for 3 hours. It was 
crystallised from diluie alcohol in pinkish white needles, m. p. 240-41°. (Found: N, 
7.5. CisH.O,.N.S requires N, 7.1 per cent). 

The Diacetate.—Acetylation was carried out in presence of pyridine by boiling 
with acetic anhydride for 3 hours. It was crysta!lised from alcohol in brown needles, 
im. p. 147-48°. (Found: S, 7.1. C.,H..0.5 requires S, 7.2 per cent). 

The Dibenzoate.—Benzoylation was carried out in presence of pyridine by heating 
it for two hours with benzoyl chloride on a boiling water-bath. It crystallised from a mixture 
of alcohol and acetic acid in brownish crystals, m. p. 172-73°. (Found: S, 5.7, Cs,H2.0.S 
requires S, 5.6 per cent). 

2-H ydroxy-4-methoxy-5-nitroacetophenone.—The thioether (I, 1 g.) was suspended 
in acetic acid (10 c.c,), nitric acid (conc.,"6 c.c.) was gradually added to it and the reaction 
mixture was left overnight at room temperature. The solid obtained on diluting it with 
water was crystallised from dilute alcohol in white needles, m.p. 155°. (Found :N, 6.8. 
C.H,O;N requires N, 6.6. per cent). (cf. Roger Adams, J. Amer. Chem. Soc., 1919, 
M, 263). 

2-Hydroxy-4-methoxy-5-bromoacetophenone.—The thioether (I, 1 g.) was dissolved 
in boiling acetic acid (12 c.c.) and 15% solution of bromine (§ c.c.) was gradually added 
to the above solution at 90°. It was shaken for 8 hours on cooling and 
then left overnight. Acetic acid was allowed to evaporate at room temperature and 

after 3 days a solid separated. It was crystallised from alcohol in needles, m. p. 169-70°. 
(Found: Br, 32.4. C,I1,O;Br requires Br, 32-6 percent). (cf. Roger Adams, J. Amer. 
Chem. Soc., 1919, 41, 261). 

2-Hydroxy-4-methoxy:5:w-dibromoacetophenone.—The thioether (I, 1 g.) was 
dissolved in boiling acetic acid (12 c.c.) and a crystal of iodine was added to it; 15% 
solution of bromine. (18 c.c.) was added to it at 90°. The reaction mixture 
was left overnight at room temperature. Next day it was poured into a dilute solution 
of sodium bisulphite when a pasty mass was obtained in pinkish granules, m. p. 72-73°. 
(Found: Br, 48.9. C,H,O;Br, requires Br, 49.2 per cent). 

The compound, when boiled with dilute sodium hydroxide solution, acidified with 
nitric acid and treated with silver nitrate solution, gave precipitate of silver bromide. 


ORGANIC CHEMISTRY DEPARTMENT, 
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SYNTHESIS OF PIPERIDINE DERIVATIVES. PART III 


»! By PApMINI Soni AND G. S. SIDHU 


Nine new substituted 7-piperidones have been synthesised by the Mannich condensation of ethy! 
acetone-dicarboxylate with different aldehydes and primary amines 


_- In two previous communications (Zaheer, Sen and Sidhu, this Journal, 1947, 24, 293; 
Sen and Sidhu, ibid., 1943, 25, 433) the synthesis of some substituted N-alkyl-y-piperi- 
dinols by the action of alkyl- and arylmagnesium halides on ethyl 1-methyl (or ethyl)-2:6- 
phenyl-4-piperidone-3:5-dicarboxylate has been described. The pharmacological interest 
attaching to the piperidone derivatives, specially in the field of analgesics and antispas- 
modics, has led to much work being done towards the synthesis of substituted piperidines 
(Plati et al., J. Org. Chem., 1949, 14, 1873; Kagi and Mi scher, Helv. Chim. Acta, 1949, 
32, 2589; Badger, Cook and Donald, J. Chem. Soc., 1950, 197; Lespagrol and Bertrand, 
Compt. rend., 1950, 280, 658; British Patents, 595, 631; 614, 567; 629, 196; U. S. Patents, 
2,476,913; 2, 489, 546; 2,496,555 2, 496,556; 2, 496, 558; 2, 500, 714; Swiss Patents, 252, 
958; 253, 175; 250, 422; 205, 120) 

' In this paper the Mannich reaction between ethyl acetone-dicarboxylate, an alde- 
hyde and a primary ainine has been extended to the synthesis of nine new y-piperidones, 
following, in’ general, the method of Petrenko-Kritschenko (Ber., 1907, 40, 2884; 19090, 
§2, 3683, 3689) 
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The condensation of ethyl acetone-dicarboxylate with benzaldehyde and f-amino-n- 
ocetane, however, yielded, surprisingly enough, a nitrogen-free crystalline product, the 
nature of which is being investigated. 

These piperidones appear to be dimorphic, asalready ovserved by Petrenko-Kritschenko 
in the case of analogous ethyl 1-methyl- and 1-ethyl-2:6-dipheny]l-4-piperidone-3:5-dicarbo- 
xylates (loc.cit. Cf. also Sen and Sidhu, loc.cit.). Higher and lower melting. crystalline 
forms have been obtained in the case of piperidones marked with an asterisk in the above 
table. ‘The lower melting forms, in cold alcoholic solution, give a deep fed coloration 
with ferric chloride and also immediately decolorise bromine water and are thus probably 
the enol fornis. ‘Ife higher melting fornis; on the contrary, im cold alcoholic solution do 
not give a colour with fetric chloride and do not decolorise bromine water, and are thus 
probably the ketu isomers. [ree bases could not be obtained in the case of pipetidones 
markéd + which have been isolated only as crystalline hydrochlorides. 


E.XPERIMENTAL#* 


Ethyl 1-Phenyl-2:6-diprop yl-4-piperidone-3:5-dicarboxylate Hydrachloride.—A mix- 
ture of ethyl acetone-dicarboxylate (5 g., 0.024 mole) and %-butyric aldehyde (3.6 g., 0.848 
mole) was thoroughly cooled in ice-salt mixture and 2.4 g. (e.026 mole), of aniline; freshly 
distilled over zinc dust, was added to it dropwise. The reaction mixture was allowed td 
stand overnight in a refrigerator and after a further twelve hours’ standing at room. tem- 
perature and cooling again in ice, when no solid separated, the viscous yellow liquid was 
dissolved in ether-benzene, cooled in ice and saturated with dry hydrogen chloride. ‘The 
precipitated hydiochloride was collected at the pump and recrystallised from methano!- 
ethyl acetate as white leaflets, m.p. 192-93°, yield 2.3 g. (21% of theory). (Found: N, 
3.438. Ca:Hs,O,NCI requires N, 3.474 per cent). 

The mother-liquor on slow evaporation deposited crystals of another hydrochioride, 
m.p. 109°. 

Attempts to convert the hydrochlorides into bases by treatment with ice and dilute 
aminonia yielded in both cases a viscous oil. 

Ethyl 1-(2'-Hydroxyethyl)-2:6-diphenyl-4-piperidone-3:5-dicarboxylaté hydrochloride 
was prepared inthe same manner from ethyl acetone-dicarboxylate ‘5 g., 0.025 mole), 
benzaldehyde (5.3 g., 0.05 mole) and ethanolamine (1.6 g., 0.026 mole). The benzal- 
dehyde used in this and in the subsequent preparations was washed with sodium 
carbonate solution, dried and distilled in an atmosphere of nitrogen to ensure its being 
free of benzoic acid. ‘The hydrochloride on recrystallisation from ethanol melted at 
158-59°, yield 7.5 g. [62% of theory). (Found: N, 3.0. C.s;H,»O,NCI requires N, 2.94 
per cent). 

Ethyl 1-Allyl-2:6-diphenyl-4-piperidone-3:5-dicarboxylate.—Allylamine (2.85 g., 0.05 
mole) was added dropwise to a mixture of ethyl acetone-dicarboxylate (10.1 &., 0.059 
mole) and benzaldehyde (10.6 g., 0.10 mole}, cooled in ice and salt. The reaction 
mixture was left overnight in a refrigerator and the resulting pasty mass was rubbed 
up with a little chilled alcohoi, filtered, dried, and recrystallised from ethanol, m.p, 


* All melting points are uncorrected. 
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12631", yield a2i4g. (59% of theory). (Found: N, 2.40. CosH:,0O;N requires N, 3.22 
per cent) 

The hydrochioride was prepared by passing dry hydrogen chloride in an ether-ben- 
zene ‘solution of the base, m.p. 151-53°. The mother-liquor on standing leposited” cry- 
stals of another hydrochloride which after recrystallisation from ethanol melted at 132-33°. 
It was thought that this might be a part of the piperidone itself recovered unchanged 
but it gave a positive test for chlorine and a mixed melting point determination with 
piperidone lowered the m.p. to 109-111°. 

Ethyl 1-propyl-2:6-dipheny|-4-piperidone-3:5-dicarboxylate was obtained in the same 
manner from ethyl acetone-dicarboxylate (10.1 g., 0.059 mole), benzaldehyde (10.6 g., 
6.010. mole) and n-propylamine (2:95 g., 0.05 mole). ‘The reaction mixture solidified 
immediately. 1t was crystallised from ethanol as white leaflets, m.p. 123-25°, yield 18 g. 
{82.5% of theory). (Found: N, 2.80. C.,H;,0;N requires N, 3.31 per cent). 

The alcoholic mother liquor from the recrystallisation of the base was left over for 
slow evaporation and deposited crystals of lower melting form which after recrystallisa- 
tion from ethanol melted at 80°. 

The hydrochloride from higher melting form melted at 146-49°. 

Ethyl 1-butyl-2:6-diphenyl-4-piperidone-3:5-dicarboxylate was prepared in the same 
manser. from ethyl acetone-dicarboxylate (5 g., 0.025 mole), benzaldehyde (5.3 g-, 0.05 
mole) and n-butylamine (1.82 g., 0.026 mole), n.p. 143-44° (from ethanol), yield 4.3 ¢ 
38 % of theory). (Found: N, 2.76. C,,H,;0;N requires N, 3.10 per cent). 

Lower melting form from alcoholic mother-liquor by slow evaporation melted at 
82-83° (from ethanol). Hydrochloride from higher base, m.p. 127-28°. Hydrochloride 
from lower melting base, m.p. 142-43°. 

Ethyl 1-amyi-2:6-diphenyl-4 piperidone-3:5-dicarboxylate was prepared in the same 
manner from éthy] acetone-dicarboxylate (5 g., 0.025 mole), benzaldehyde (5.3 ¢., 0.05 
mole) and n-amylamine (2.2 g., 0.026 mole). The reaction mass crystallised only after 
three days’ standing in a refrigerator and was then filtered after rubbing up with a little 
chilled alcohol. it melted at 147-48° after recrystallisation from isopropyl alcohol, yield 
6.6 g. {57 % of theory). (Found: N, 2.59. C.sH;,0;,;N requires N, 3.01 per cent). 

Lower melting form on standing of the mother-lijyuor melted at 98-99°; the 
hydrochloride of higher melting form melted at 138-39°. 

Ethyl 1-(3' methylbutyl)-2:6-diphenyl-4-piperidone-3:5-dicarboxylate was prepared 
in the same manner from ethyi acetone-dicarboxylate (5 g., 0.025 mole), benzaldehyde 
(5.3 g-, 0.050 mole) and isoamylamine (2.2 g.), m.p. 132-34° from methanol, yield 3.1 g. 
(29 % of theory). (Found:N, 3.62. C..H;;0;N requires N, 3.01 per cent). 

Lower melting form by slow evaporation of the mother-liquor melted at 90-92° 
(from methanol). 

A hydrochloride was prepared from the higher meiting form but it had a long melt- 
ing range, 130°-180°. Recrystallisation from aicohol and washing with ether failed to 
yield a purer product. Presumably it may be a niixture of two dimorphic hydrochlorides. 

Ethyl 1-Benzyl-2 : 6-diphenyl-4-piperidone-3:5-dicarboxylate.—Ethyl acetone-dicar- 
boxylate (10.1 g., 0.059 mole}, benzaldehyde (10.6 g.) and benzylamine (5.35 g., 0.05 
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mole) were reacted as in the previous cases. When reaction mixture. did not crystallise 
after keeping in a refrigerator for two day$, it was dissolved in benzene and the hydro- 
chloride precipitated by passing HCl gas, m.p. 160-63° (from methanol), yield 12.6 g. 
(50% of theory). (Found: N, 2.64. C,.H;,0;NCl requires N, 2.68 per cent), 
Crystals of another hydrochloride (m.p. 243-48)° could be obtained from the mother- 
liquor on standing. 

This hydrochloride was converted into the piperidone by treatmeni with jice and 
dilute ammonia, The crude piperidone could not be crystallised. After washing 
with alcohol and petroleum ether it melted at 172-73°. 

Ethyl: 1-(2'-phenylethyl)-2:6-diphenyl-4-piperidone-3:5-dicarboxylate was obtained 
in the usual manner from ethyl acetone-dicarboxylate (10.1 g., 9.059 mole), benzal- 
dehyde (10.6 g., 0.10 mole) and 8-phenylethylamine ‘6 g., 0.05 mole), m.p. 133.5° from 
ethanol, yield 21.2 g. (35% of theory). (Found: N, 2.24. C,,H,;,0,N requires N,.2.8 
per cent}. Hydrochloride, m.p. 216-18°. 

Condensation of Ethyl Acetone-dicarboxylate with Benzaldehyde and 8-Amino- 
n-octane.—The condensation was carried out in the usual manner using ethyl acetone- 
dicarboxylate (5 g., 0.025 mole}, benzaldehyde ‘5.3 g., 0 o5 mole} and 8-amino-n-octane 
(3.23 g., 0.025 mole). The reaction product after recrystallisation from ethanol melted 
at 149-50°. Surprisingly enough this reaction product does not contain nitrogen and 
does not form a hydrochloride or hydrobromide. 

The authors are grateful to Dr. S. Husain Zaheer for his keen interest in the pro- 
gress of this work and many helpful suggestions. One of them (P. S.} is indebted to 
the Board of Scientific and Industrial Research, Hyderabad for the award of a scholar- 
ship. 
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REVIEWS 


Melting and Solidification of Fats.—By Aston E. Bailey. Published by Interscience 
Publishers, Inc., New York. Pp. 357+xiv. 


This‘excellent monograph on the fundamenta! physico-chemical principles involved 
in the processes of melting and solidification of fats is most welcome at the present 
time.» The author has taken great pains in preparing this volume by coilecting materials 
from rather widely scattered sources. The buvok is not merely a compilation of in- 
formations but in’ it the experimental data have been correlated and interpreted with a 
view to reveaiing the inter-relationship of the different phenomena associated with phase 
transformation as well as the variations that occur in specific properties of fats with 
similar variation in molecular structure. 


The text has been divided under six different sections. The general theoretical 
considerations on the structure of fatty molecules and the glyceriles, the nature of 
intermolecular forces, the structure and properties of liquids aud crystals, and the 
general principles involved in the formation and dissolution of crysta!s, have been dealt 
with in great details. The author has included a discussion on the crystal structure 
and polymorphism of fatty acid glycerides and has incorporated all] available informa- 
tions On X-ray diffraction data for a better nnderstanding of the phenomenon of melting 
and its correlation with lattice spacing. Thi effect of melting point on isomerisation, 
éstérfication and unsaturation has been explained in a very interesting manner. An 
analytical treatment of the behaviour of binary and ternary mixtures of fatty acids and 
giycerides as well as of complex mixtures of commercial fats has been made with the 
aid of phase diagrams. ' 


A chapter on the industrial applications of melting and solidification processes 
such as commercial fractionation of fatty acids and glycerides have been included for 
the benefit of practising oil and fat technologists. The more useful laboratory methods 
and new techniques involved in melting process have been brought together for the 
first time in any treatise on Fats and Oils. ‘The data on solubility of fatty materials in 
organic solvents recorded here will serve very useful purpose to any investigator on 


the Chemistry of Fats. 
S. M. 


Official Methods of Analysis of the Association of Official Agricultursl Chemists. 
Seventh Edition. Published by the Association of Official Agricultural Chemists, 
Washington 4, D. C. Pp. 910 + xvi. 

The publication of the seventh edition of the book is enthusiastically welcome by 
all those concerned. It is worth noting that in the present edition, the word “‘tentative”’ 
has been deleted from the title of the book. Jn naming this volume as ‘Official Methods 
of Analysis’, analytical methods have been classified as “‘first action’’ upon first adoption 
and “‘official’’ upon final acceptance; providing, of course, a chance for “‘such further 
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critical study as may be desirable before the final approval of the official status granted 
to the methods’’, first adopted. 


The fact-packed 42 chapters of this treatise, the work of a large group of 
specialists, present authoritative up-to-date methods of analysis of articles essential 
to, as well as products of agriculture. The scope of the book is unusually 
wide as is evident from the subject matters dealt with in the major chapters. These 
are: (1) Agricultural liming materials; (2) Fertilizers; (3) Soils; (4) Caustic 
poisons ; (5) Economic poisons ; (6) Plants; (7) Baking powders and Baking chemi- 
cals; {8) Beverages: Non-alcoholic and Concentrates ; (9) Beverages : Distilled liquors; 
(x0) Beverages: Malt beverages, Syrups and extracts, and Brewing materials; (11) 
Beverages: Wines; (12) Cocoa bean and its products; (13) Cereal Foods; (14) 
Coffee and Tea ; (15) Dairy products ; (16) Eggs and Egg products; (17) Enzymes; 
{x8) Fish and other Marine products; (19) Flavouring extracts; (20) Fruits and 
Fruits products ; (21) Gelatin, Dessert preparation and Mixes; (22) Grain and Stock 
Feeds; (23) Meat and Meat products; (24) Metals, other Elements and Residues in 
Foods ; (25) Nuts and Nut products; (26) Oils, Fats and Waxes; (27) Preservatives 
and Artificial Sweetness; (28) Spices and other Condiments; (29) Sugar and Sugar 
products; (30) Vegetable products—Processed ; ‘31) Waters, Mineral and Salt; (32) 
Drugs; (33) Cosmetics ; (34) Colouring matters ; (35) Extsaneous materials: Isolation ; 
(36) Microbiological Methods; (37) Microchemical Methods; (38; Radioactivity ; 
(39) Standard solution; (40! Vitamins. There are two other chapters, viz., (41) 
Reference Tables, and (42) General Index. 

Up-to-date relevant references at the end of each chapter as also valuable tabular 
data detailed iu the chapter on ‘‘Reference tables’’ are the special features of the book. 
The materials have been systematically and very clearly presented. , Inclusion of brief 
discussions on the theoretical aspects of the methods described would have added to 
the merit of this treatise. This, however, seems to be outside the scope of the book. 

The ‘‘Official Methods of Analysis’ will surely render invaluable service to agri- 
cultural chemists, biochemists, agronomists, soil scientists, bacteriologists, food techno- 
logists, applied chemists, pharmaceutists as also teachers, students and advisors and/or 


consultants in the above subjects. 


The book has an excellent get-up and should find a place in every library. 
B. C, 


Physics in Chemical Industry —By R. C. L. Bosworth. Published by Macmilian 
& Co. Ltd, London. Pages 922. Price £ 3-10 sh. 


A graduate in Physics, Chemistry or Chemical Engineering entering an industrial 
concern gets himself absorbed in routine operations and processes. If he be of an 
inquisitive bent of mind, as he should be, he tries to probe into the fundamental 
principles involved in such operations and processes and the equipments. His mind then 
remains dynamic, and improvements follow as a natural consequence. ‘The book under 
review is helpful to such persons engaged iu industries. 








ee 


NOt ee A 








REVIEWS 411 


The book is divided into following parts :— 

I. Mathematical Introduction including Dimensional Analysis and Statistical 

methods. 

il. Properties of Matter 

III. Movement of Matter and Energy 

IV. Scientific Instruments. 

An additional portion devoted to Phase Separation and Phase Equilibrium would 
have been very appropriate. . 

‘Treatment of each subject is based on First Principles—Molecular Hypothesis, 
Thermodynamics and Laws of Mechanics. Vector and Tensor Quantities, Quantuit 
Mechanics, and Nuclear Physics introduced in various relevant parts of the book are 
yet inapplicable to chemical imdustiies. The third part of the book on Movement of 
Matter and Ener gy will be of special interest to chemical engineers. 

'» Phe title of the book is somewhat misleading. No iliustrations have been drawn 
from chemieal industries in the treatment of the subject matters, It may be expected 
that in the second edition this lacuna will be removed and this excellently written book 
will be more realistic and attractive. 

Bw. L. R. 











GERMAN CHEMICAL JOURNALS 


[ {| a of International Importance 
PUBLISHED BY 


VERLAG CHEMIE, GmbH.., 
WEINHEIM/BERGSTRASSE, GERMANY 


Chemische Berichte 


(Formerly Berichte der Deutschen Chemischen Gesellschaft). Editor: 
Prof. Dr. Clemens Schépf. 83 Jahrgang. Three issues per half-year. 
Subscription: price DM 45.- or £3 18s. 9d. 


Justus Liebigs Annalen der Chemie 


Editors: Prof. Dr. G. Wieland, Prof. Dr. A. Windaus, Prof; Dr. R. 
Kuhn, First published in 1832. 565 volumes up to December 1949, Published 
at. irregular intervals, approx. 4 volumes per annum consisting of three 
parts each. Subscription price DM 15.- or £1 6s. 3d. per volume. 


Archiy der Pharmazie 


And Berichte der Deutschen Pharmazeutischen Gesellschaft. Editor : 
Prof. Dr. Fr. von Bruchhausen. 283 volume. Published quarterly. Subs- 
cription price DM 24.- or £1 18s. 6d. per annum. 


Chemisches Zentralblatt 


Complete survey of all branches of pure and applied Chemistry. Edited 
by Prof. Dr. M. Pflucke. The 121 Jahrgang (1950) will again embrace 
the entire world literature on Chemistry. Subscription price DM 250.- or 
£21 17s. 6d. per annum, including index of authors and patents. 


Angewandte Chemie 


Published on behalf of the Gesellschaft (Society of German Chemists) 
by Prof. Dr. R. Pummerer and Dr. W. Foerst. 52 Jahrgang. Published 
twice monthly. Subscription price DM 48.- o- £4 4s. Od per annum. 


Chemie-Ingenieur- Technik 


Published by the Society of German Chemists (Gesellschaft Deutscher 
Chemiker), the Society of German Engineers (Verein Deutscher Ingenieure) 
and DECHEMA. 22 Jahrgang. Published twice monthly, Subscription 
price DM 48.- or £4 4s. Od. per annum. 


Please send order to: 


E. P. P. A. C. Ltd. 


41-45 Neal Street, 
LONDON, W.C. 2. 























(Jour. Indian Chem. Soc., Vol. 28, No. 8, 1951] 


ELECTROCHEMISTRY OF FLUORIDE SOLUTIONS. PART I. 
ELECTROLYSIS OF SILVER FLUORIDE SOLUTIONS 


By A. N. KAppPpANNA AND E. R. TALAtTy 


A systematic study of the electrolysis of silver fluoride solutions has been made. 

The decomposition and the cathode and anode discharge potentials have been determined at 29°, 
using polished platinum electrodes. The decomposition potential curves run parallel to the current- 
anode potential curves, both showing two breaks, whereas there is no such second break in the current- 
cathode potential curves. 

A black, crystalline deposit begins to form on the platinum anode at the potential where the second 
break occurs in the decomposition potential curve. This substance has been carefully analysed and 
its composition found to correspond to the formula AgO,, the highest oxide of silver reported thus 


far. 
The silver deposits have also been studied on polished platinum and on silver-plated copper 


cathodes. Without addition agents, a crystalline but adherent deposit is obtained on platinum, 
the cathode and anode current efficiencies being nearly 100%. 

The addition of ammonium fluoride gives lustrous deposits with a fine, frosted appearance, which 
can be made use of for some decorative purposes. 

Smooth, matty deposits can only be obtained with the aid of certain addition agents, listed below 
in order of decreasing efficiency :— 

ia) Currant essence; i2) bcric acid in conjunction with citronella oil ; (3) a combination of 
ammonium fluoride and clove oil. 

Boric acid alone, narcotine and brucine do not produce equally beneficial effects. 

In no case, however, are the deposits as good as those from cyanide baths. 


Shrivastava (Proc. Ind. Acad. Sci., 1941, 148, 535; 1047, 26A, 167) studied a 
few physico-chemical properties cf aqueous fluoride solutions. A systematic study of 
the electrodeposition of metals from fluoride solutions has now been undertaken by 
the authors with a view to establishing the possibility or otherwise of using fluorides 
as baths for obtaining good deposits. ‘his paper deals with the results obtained with 
silver fluoride solutions. 

Gore (quoted by Frary, Trans. Amer. Electrochem. Soc., 1913, 23, 64), Mathers 
and Blue (ibid., 1917, 31, 285) and Sanigar (ibid., 1931, 59, 307) tried the electro- 
deposition of silver from fluoride baths and found that good deposits, from the plater’s 
point of view, could not be obtained. These studies have been revised in this labora- 
tory and further extended, with the object of gathering more electrochemical data 
and of studymg the nature of the electrodeposits under widely differing conditions. 
The present work covers (a) current-potential data for the determination of decomposi- 
tion ‘and discharge potentials, (b) a study of the anodic deposit on a platinum anode 
and (c) the study of cathodic deposits, with and without addition agents. 
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EXPERIMENTAL 


Preparation and Analysis of the Electrolyte.—All apparatus, such as_ beakers, 
stirring rods, funnels, measuring flasks, pipettes, conical flasks, etc., that were tocome 
in contact with fluoride solutions, were coated with paraffin-wax and calibrated whenever 
necessary. 

Silver fluoride solution was prepared by saturating a known volume of a standard 
solution of Merck’s hydrofluoric acid with freshly precipitated silver carbonate, filtering 
off the excess of silver carbonate, and making up the filtrate to a definite volume. 
This preparation was carried out in a dark room. The stock solution thus obtained 
was preserved in a dark, amber-coloured bottle, lined inside with paraffin-wax. 


The estimation of the silver content of the solution presented some difficulty 
on account of ferric salt indicator not giving the correct end-point, when a silver 
salt in the presence of fluorides was titrated against ammonium thiocyanate, 
due to the formation of complexes. After several trials, the following method was 
ultimately adopted. To a known volume of the silver fluoride solution, sodium 
carbonate was added till a slight, permanent precipitate had formed ; a few drops of 
dilute acetic acid were added to dissolve the precipitate and then a known excess of 
standard sodium chloride solution was added ; the unreacted sodium chloride was 
now estimated by back titration against a standard solution of silver nitrate, using 
potassium chromate as the indicator. The following values show that the error in 
this method of estimating silver is dependent upon the ratio of the concentration of 
hydrofluoric acid to that of silver : 


No. Solution composition. Error. 

(a) 10 ¢.c. of 0.0609M-AgNO, + 0-17 c.c. of 0.3122M-HF Practically nil. 
(b) Do + S682. os o» » 3-470 

(c) Do + srcc. ,, re id 12% 


Since the silver fluoride solutions used in the present investigation did not contain 
more hydrofluoric acid in proportion to silver than that in mixture (a) above, this 
method was employed for estimating the silver content of the electrolyte. 

The difference between the concentration of hydrofluoric acid used for preparing 
silver fluoride and that of the silver after saturating with silver carbonate gave the 
amount of acid remaining unneutralised. 

Cell Arrangement.—The electrolytic experiments were conducted mostly in 250 c.c. 
beakers, coated with paraffin-wax. The electrodes used for the measurement of poten- 
tials were two polished platinum foils—cathode being (2.9 x 2 2) sq. cm. and anode 
(2.71.85) sq. cm. in area—attached to platinum wires and kept 4cm. apart. The 
electrolyte was rapidly stirred by an electrically driven, paraffin-coated, glass stirrer. 
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Lead accumulators, connected in series with suitable rheostats, served as the source 
of the current, which was measured either by a microammeter or by milliammeters 
of different ranges. The voltage applied to the electrolytic cell was gradually in- 
creased and, at each stage, the potential difference between the electrodes was measur- 
ed by thecompensation method, using a Leeds and Northrup ‘‘modified type’’ potentio- 
meter. Potential chauges of the order of 0.1 millivolt could easily be detected by means 
of this instrument. 

For determining the discharge potentials, a saturated KCl-calomel half-cell of 
the Leeds and Northrup type was employed as the reference electrode. Two paraffin 
coated salt bridges, consisting of saturated potassium uitrate, were used and their tips 
kept touching the centres of the respective platinum electrodes. 

Decomposition and Discharge Potentials 


Shrivastava (loc. cit.) measured the decomposition and discharge potentials of 
aqueous silver fluoride solutions at 25°. ‘These experiments have now been repeated 
at room temperature (29°), particular attention having been paid to reactions occurring 
at the platinum anode, as Tanatar (Z. anorg. Chem., 1901, 28, 331) reported the forma- 
tion of a peroxyfluoride at this electrode. 

Typical current-potential curves are shown in Fig. 1. Only a few points have 
been marked on each curve, but the curves were actually drawn through a large number 
of points. 
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Curves I—II refer respectively to decomp. potential, 
cathode potential and anode potential. Potentials 
given are with respect to hydrogen 
electrode as zero. 
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The potentials for each of the breaks in the current-voltage curves are given in 
Table I and correspond to the sum of the dynamic decomposition voltages (Groening 
and Cady, J. Phys. Chem., 1926, 80, +797) and the IR drop across the electrodes. 
The potentials corresponding to the breaks, which were not sharp, were determined by 
producing the straight portions of the curves till they intersected (cf. Shrivastava, 
loc. cit.). ‘The discharge potentials (reckoned with respect to hydrogen as zero) are 
also given in the same table. For these calculations, the potential of the saturated 
XCl-calomel electrode at 29° has been taken as +0.2392 volt, referred to that of the 
ydrogen electrode as zero. 


TABLE I 
Potentials at 29°. Discharge potentials at 29°. 
(Hydrogen electrode = 0). 
Solution. 1st break 2nd break Cathode Anode potential. 
(decomp. in the potential. 
potential) same curve. 1st break. 2nd break. 
2 189M-AgF, ; 
1.084M-H F 0.57 volt 0.69 volt +0.78 1.44 1.47 
0.4530M-AgF, 
0.0377M-HF ) 0.73 0.79 +0.74 1.47 a. 


Tte current-voltage curves run almost parallel to the current-anode potential curves, 
both exhibiting two breaks, each of which varies slightly with concentration. The 
second break 1s very close to the first one in the stronger solution and is likely to be 
missed if the curve is not plotted through a large number of points in this region. 
The current-cathode potential curves, however, are quite normal. 


These results differ from those of Shrivastava in that he obtained only one break 
instead of the two, recorded above. This is due to the fact that the present set of 
observations started at much lower currents (just a few microamperes) than those 
employed by him and the first break occurs only at these low current densities. 


Carefui observations of the processes taking place on the two electrodes brought 
out two points. Firstly, when the potential corresponding to thefirst break in the 
decomposition potential curve was applied (0.67 volt in the case of 2.180M-AgF 
solution and 0.73 volt in the case of 0.2630M solution), deposition of silver on the 
cathode was observed, while no change in the appearance of the anode was visible. 
Secondly, when the potential corresponding to the second break was applied, a dark 
green, lustrous crystalline deposit began to appear on the anode. ‘The anode dis- 
charge potentials at these two stages were identical with the break-points in the current- 
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anode potential curves. It is therefore obvious that the two breaks in the decom- 
position potential curves are in consequence of two different anodic reactions. This 
point is further proved by two different values for the reverse E.M.F. of the system 
at the two different points—o.61 volt at the first break and 0.68 volt at the second. 
With growth in size, the crystals on the anode assumed a deep biack, lustrous appe- 
arance, The fact that the anode discharge potential became more positive on dilu- 
tion was noted by Shrivastava. The results given in ‘lable I are in agreement with 
his statement. He rightly ascribed this peculiar behaviour to the formation of the 
crystalline anodic product, but he did not analyse the compound completely. 


Preparation and Analysis of the Anodic Product 


Tanatar (loc. cit.) first reported the formation of a black compound on a platinum 
anode during the electrolysis of silver fluoride solutions. He estimated only the perox- 
idic oxygen and, on comparing the value with that obtained by him in the case of silver 
peroxynitrate, gave this substance the formula Ag,;F;O0,<- In order to verify this 
by a complete analysis, the substance was prepared by passing a heavy current (6-8 
amp./dm?’.) through the eiectrolyte. During the electrolysis, the smell of ozone 
was very perceptible and the anolyte was found to decolorise potassium permanganate. 
After stopping the current, the product was scraped off from the anode with a glass rod, 
washed with water and pressed between folds of filter paper. 

Preliminary analysis of the compound revealed that it did not contain any fluorine, 
but contained only silver and oxygen. ‘The silver content was estimated by dissolving 
a known weight of it in boiling dilute nitric acid in a platinum crucible, cooling and 
titrating the solution against an accurately standardised solution of ammonium sulphocy- 
anide, using ferric alum as the indicator. The values from three such experiments are: 
76-00%, 77.82%, 76.42% (average=77.08%). 

The theoretical percentages of silver required by different possible oxides are: 
Ag.O, 93.1% ; Ag2O2, 87.00% ; AgsOs, 83.51% ; Ag.Os, 81.82% ; AgzO., 77.14% 
(Ag = 108). 

It is evident from the results of the above analysis that the simplest formula for the 
anodic product is AgO,. This isthe highest oxide of silver reported thus far. It was 
found that about 111, 500 coulombs were required to deposit the formula weight (139.88 g.) 
of the compound. The product was next prepared at different current densities from 
solutions of varying concentrations; but, in every case, the analysis correspor.ded to the 
same formula. ‘The compound decomposed on standing, for on keeping the crystals in 
a closed tube for three weeks, the percentage of silver in them was found to have risen 
to 79.92%. 

The compound, when freshly prepared, has a specific magnetic susceptibility of 
+ 0 37X10-°; that is, it is paramagnetic, as should be expected in a compound of 
silver, in which silver has a valency greater than one. 


Electrodeposition of Silver 


Preliminary experiments confirmed the observation of Sanigar (loc. cit.) that 
adherent deposits could not be obtained on copper, brass, mercury and nickel cathodes 
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due to the initial formation of a loose immersion-deposit. Platinum electrodes 
(2.9 cm. 2.2 cm.) were therefore employed as cathodes. Later, silver-plated copper 
cathedes (this plating being done in cyanide baths) were used for studying the nature 
of the deposits from solutions, which gave satisfactory deposits on platinum. ‘The 
anodes employed were pieces of thick plates of pure silver. 


The experiments were all performed at room temperature (25° 31°). The distance 


between the electrodes in all cases was 4 cm. and the electrolytes were kept well stirred. 
The deposits were obtained over a duration of at least half an hour. For the measure- 
ment of cathode current efficiencies, a silver coulometer was included in the circuit. 
The efficiency of dissolution of silver, both in hydrofluoric acid as well as in silver 
fluoride solutions, was also measured and found to be nearly cent per cent. 

Table II gives the results of deposition of silver from silver fluoride solutions at 


different concentrations. 


TABLE II 


Polished platinum cathodes. 





ae 
6A Cathode Applied 
No. * AgF * HF. =Y efficiency. voltage. Nature of deposit. 
.o] 
= 

I. 0.2084 0.0161 1.10 95-74% 1.75 Lustrous, crystalline, adherent, poly-faced 

crystals. Throwing power of solution, poor. 
Tendency to “‘tree’’ at edges. *‘Trees”’ peeled 
off on rubbing. 

2. 0.7889 0.1131 2.20 98.85 0.45 Bigger, harder crystals, but quite adherent 
Otherwise, same as (1). 

3- “ = 1.05 99-60 0.45 Crystal size diminished slightly. No other 

4. e ae 0.40 99 33 0.2 change. 

5. m me 2.51 05 0.9 Same as in (2). Ageing therefore has no effect. 

(After keeping solution for four months) 

6. 2.189 1.084 1.02 0 45 Harder, finer-grained and slightly more lus- 
trous than that from solution (z). Practically 
no “‘trees’’ at the edges. Throwing power of 
solution, poor. 

7. re os 2.12 0.45 Crystals were closer and smaller than (6). 
Throwing power, better. Slight “‘tree’’ for- 
mation at the edges. 

8. ss = 4.32 0.95 Throwing power improved further, but long, 
hard crystals forined at the edges. 

9. m ~ 10.20 2.4 Big crvstals. ‘‘Treed"’ deposit. No change in 

throwing power. 

10. 1.02 5 Crvstal size bigger than in (6), in which the 


(Without agitation of the electrolyte) 


* (g. mol/lit). 
+ In amp./dm?. 


electrolyte was agitated. 
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The effect of varying the concentration of “‘free’’ hydrofluoric acid on the nature 


of the deposits was then studied, 


‘The results are summarised in Table IIT. 


TABLE III 


Addition of hydrofluoric acid. 


Polished platinum cathodes. 


No. Soln compn. * Cathodic Cathode Applied 
(g. mol. /lit.) cD current voltage. 


AgF. HF. efficiency. 
I. 0.2620 0.1416 1.02 97.0% 1.35 
2. 0.2609 0.2446 os 98.20 1.2 
3. 0.2597 0.3672 » 98.53 0.95 
4. 0.2581 05189 ms 97-52 1.25 
4 (a). 5, a 2.04 97 09 1.65 
a: « - 4.08 98.55 3.3 
4(c). ” ” 7-14 — §.1 


* (amp./dm?) 


Nature of deposit. 


The crystals were smaller and closer together 
than in the experiments given in Table IT. 
Throwing power of the solution improved. 

Tendency to “‘treeing’’ at the edges undi- 

minished. 


Crystals smaller and more lustrous than in (1). 
Throwing power also better. Crystals at the 
edges had a darker colour than the rest of 
the deposit 


Still smaller crystals. Throwing power same 
as (2). Less “‘treeing’’ at the edges. Deposit 
very adherent, except at the edges. 


Crystal size smaller than (3). Throwing power 
better, but not yet Slight 
“treeing’’ at edges 


Satisfactory. 


Crvstal size slightly smaller than (4). Throwing 


power somewhat better. ‘““Treeing"’ increased. 


Initially, the deposit was adherent, lustrous and 
finely crystalline. Later it became yellowish 


and powdery. Loose “‘trees’’ at the edges. 


On“‘striking’’ the current, the deposit was smoo- 
th and fine-grained ; but, on further passage of 
current it became loose and spongy. “‘Tree- 
ing’’ at the edges was Very heavy. 


Sanigar (loc. cit.) found that the addition of sodium fluoride to the electrolyte 
made the deposits more crystalline, but a diminution of the acidity by the addition of 


potassium carbonate rendered them somewhat better. 


It was thought worthwhile to try 


the effect of addition of ammonium fluoride to solutions containing fairly high concen- 
trations of “‘free’’ hydrofluoric acid (as the latter by itself exerts a beneficial effect). 


The results are described in Table IV. 
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Mathers and Blue (loc. cit.) state that colloid addition agents render the deposits 
from fluoride solutions slightly smooth. This study was extended by trying the follow- 
ing addition agents:— 


TABLE IV 
Addition of ammonium fluoride. 


Polished platinum cathodes, except when otherwise stated. 


Average current density=1.02 amp./sq. dm. 


Solntion. 
No. AgF. HF. NH,F. Applied Nature of deposit. 
(Conc. in g. mol. /litre.) voltage. 

I. 0.2569 0.5365 0.0122 1.2 The deposit was slightly finer-grained than that 
obtained without the addition of ammonium fluoride. 
It was smooth, adherent and lustrous. The back of 
the cathode had a rough deposit. Throwing power of 
the solution improved somewhat by the addition of 
ammonium fluoride, but “trees” were still formed at 
the edges. Cathode efficiency=97.70%. 

2. 0.2530 0.5284 0.0554 1.37 Crystal size slightly smaller ; otherwise, same as (1). 

a 0.2481 0.5184 0.1075 1.5 Slightly more lustrous and finer-grained than (2). On 
brushing, it became quite shining. 

4: “ m 0.2468 1.15 Throwing power deteriorated. The top layer of the 
deposit was grey and less adherent than the lower 
layer, which was more white and lustrous. 

5- - = 0.3656 09 The deposit was slightly yellowish in colour. The 
crystals were bigger, rougher and less adherent than 
(4). “‘Treeing’’ at the edges was less than in the pre- 
vious experiments. Throwing power remained poor. 

6. » ” © 4414 0.95 Crystal size unaltered. Throwing power improved. 
“*Treeing”’ at the edges was much less. 

7. e * 0.5509 0.85 The deposit was  finer-grained, smoother and more 
uniform than in (6). Throwing power also was some- 
what better. There was only slight “‘tree’’ growth 
at the edges. 

8. rs 9 0.8734 0.75 Same as in (7). 

9. - a 1.462 0.55 Deposit was more white, finer-grained and more adherent 
than in (8) ; but the back of the cathode had bigger and 
rougher crystals. Throwing power unaltered. There 
were, however, no “‘trees”’ at the edges. 

to(a). ,, 7 1.986 0.5 Deposit was of the same type as in (g). 
1o(b). " ” 0.4 Deposition was tried on silver-plated copper cathodes, 


The deposits were of the same nature as in 10 (a). 
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‘1) Clove oil along with ammonium fluoride; (2) borax, ammonium fluoride and 
clove oil, together; (3) marcotine; ‘4) brucine; (5) currant essence; (6) boric acid; 
(7) boric acid and citronella oil, together. 

The results obtained are summarised below. 

Clove oil + ammonium fluoride.—A saturated solution of clove oil in water was 
prepared and the clear, aqueous extract added to the following solution in small 
quantities at a time: 264 c.c. of 0.2481M-AgF; 05184 M-HF; 1.986M-NH,F. 
I'he current density employed was 1.02 amp./dm’. ‘The best results were obtained 
by adding 6c.c. of the solution. The deposit on the platinum cathode now became 
matty, smooth and adherent, but less lustrous than before. Under the microscope, it 
was found to consist of very fine crystals. The throwing power of the solution, however, 
Was poor. On silver-plated copper the deposit was of the same type; it could stand 
scratch-brushing, but it was not as good a deposit as from a cyanide bath. Further 
additions of the clove oil extract (up to 11.5 ¢.c.) increased the size of the crystals, 
although the throwing power improved slightly. In all these experiments, there was 
no “‘treeing’’ at the edges. 

Borax + clove oil + ammonium fluoride.—Tothe same solution ‘containing 11.5 
c.c. of the clove oil extract), gradually increasing amounts of borax were added (0.8-8.4 
g.'. In all cases loose and non-adherent deposits were obtained. 

Narcotine.—Small additions of the alkaloid gave smooth and adherent deposits, 
but they were not so matty as those obtained by the addition of clove oil. Higher 
concentrations of narcotine did not prove beneficial. Increase in temperature (55°) 
improved the whiteness of the deposits, but the crystal size increased. Agitation of 
the electrolyte at this temperature was found essential to secure uniformity of the 
deposits. 

Brucine.—This addition agent only produced a slight decrease of the grain-size. 
The maximum effect was.obtained at low concentrations (0.02 g./litre!. In no case were 
the results with polished platinum cathode encouraging enough for trying deposition 
on silver-plated copper. 

Currant essence—A sample of Merck’s ‘‘Fruit Ether (currant)’’, incidentally, 
gave some very good deposits. The results are given in Table V. 

The essence (1.8 c.c.) was made up with water to a volume of 33.4¢.c. This 
solution was then added in increasing amounts to a solution of silver fluoride, 
acidified with hydrofluoric acid. 

Boric acid.—Sanigar (loc. cit.) reported good deposits from some fluoborate 
solutions. The addition of boric acid was therefore tried, but the quantities were very 
small as compared to those used by him. ‘The size of the crystals and “‘treeing’’ at 
the edges were slightly reduced, but beyond that, no other beneficial effects were 
observed. 

Boric acid + citronella oil.—Finally, citronella oil was added to these fluoborate 
solutions. A saturated solution of the oil was prepared as in the case of clove oil and 
the aqueous extract added with the following results, 
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TABLE V 


Addition of currant essence. 


Original solution =123 c.c. of 0.2170M-AgF; 0.3364M-HF. Except when other- 
wise stated, polished platinum cathodes were used and the current density 


Total addition 
of the essence 
soln. 


0.25 C.C. 


2225 


5-25 
8.25 


13-25 


20.25 


Applied 
voltage. 


4.0 


2,8 


employed was 1.02 amp./dm’. 


Nature of deposit. 


Lustrous, uniform, smooth and yellow in appearance. Grey-coloured 
“‘trees’’ at the edges. Throwing power of the solution, fairly good. 
Cathode current efficiency = 94.62%. 


Smooth, matty, very fine-grained and adherent. It had a white sur- 
face, with a bluish tinge. Under the microscope, it appeared wavy 
and non-crystalline ; even at high magnifications,no crystalline struc- 
ture was apparent, the surface resembling very fine particles closely 
packed together. There was, however, some ‘‘treeing’’ at the edges. 
On brushing, the “trees” peeled off, but the rest of the deposit 
became lustrous. Throwing power of the solution was unaltered. 
Cathode current efficiency =96.42% 


Passing a current of 4.05 amp./dm? for a few minutes gave initially a 
smooth, matty deposit. 


A 25 min. deposit was obtained at a current density of 5.10 amp./dm?. 
It was powdery and rougher and darker than that in (2). On 
rubbing it peeled off. ‘‘Treeing’’ at the edges was heavy. 


The deposit was slightly bigger-grained than (2), and had a yellowish 
tinge. Otherwise, it was same as (2). Throwing power of the solu- 
tion was poor. 


Deposit was obtained on silver-plated copper cathode. It was Similar 
to (3). On scratch-brushing, the ‘“‘trees’’ gave way, but the rest of 
the deposit became lustrous and frosted in appearance. 


Crystal size increased. 
More white than (4). Crystal size same. 
Grey patches on the deposit, even after washing with water and 


alcohol. Otherwise, same as (5). 


‘“Treeing’’ at the edges increased. Deposit had a brownish appear 
ance. All other features remained unaltered. 


Greenish blue, non-adherent, “‘treed’’ deposit, 





—> test 052 as 
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TasLe VI 
Addition of boric acid and citronella oil together. 


Unless otherwise mentioned, platinum cathodes were used, C. D.=1.02 amp./dm’. 
Original soln.=200 c.c. of 0.258yM-AgF, 0.4570M-HF+12.0 c.c. of a saturated 
solution of boric acid at 32°. 


No. Total addition Applied Nature of deposit. 
of citronella voltage. 
oil extract. 
Smooth and regular, but not very fine-grained. Slight ‘“‘treeing’’ 
at the edges. Throwing power of the solution, poor. 


I. 2 c.c. 2.0 


2 3 1.6 The experiment was repeated after 24 hours. The deposit became 
somewhat bigger-grained 

3. 4 1.1 Deposit was obtained On silver-plated copper. The grain-size and 
other features were the same as (1). On scratch-brushing, that 
at the back of the cathode peeled off, but the one on the other side 
became quite lustrons. 

3(a). = 1.4 The experiment was repeated after 19 hours, using a polished plat- 
inum cathode. The deposit was somewhat powdery aud non- 
adherent. 

3(b). aa 0.9 The above experiment was tried at a lower current density, viz., 
0.51 amp./dm.? The deposit was now quite fine-grained and 
adherent. 

+ 7 1.45 A matty, smooth, very fine-grained deposit was obtained. Loose 
“trees'’ at the edges. Throwing power of the solution, fairly good. 

4(a). - 2.0 Deposit on silver-plated copper was of the same nature as (4). It 

was better than that from solution (3) and could stand scratch- 

brushing. 


5 10 1.65 Throwing power of the solution improved further, but the deposit 
was slightly bigger-grained and crystalline in appearance. 


6. 10C.c. + 0.2 C.c. 2.65 Yellowish white deposit, consisting of isolated groups of crystals. 
of the oil The platinum cathode was uncovered at several points. Throwing 
itself. power of the solution deteriorated considerably. 


CONCLUSIONS 


Results given in Tables Il and III reveal that although the addition of hydro- 
fluoric acid to silver fluoride solutions improves the deposits slightly, they are not at 
all fit for plating purposes. 

The introduction of high concentrations of ammonium fluoride into the baths 
produced beneficial effects [experiment ro (b), Table IV]. The deposits obtained 
from these solutions on silver-plated copper cathodes were quite adherent, lustrous and 
hard and free from ‘‘trees’’ at the edges. ‘They could stand scratch-brushing, a treat- 
ment which imparted a beautiful frosty appearance to the surface that can be made 
use of for decorative purposes. 
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Smooth, matty deposits could only be produced with the aid of certain addition 
agents. Currant essence was most efficient in this respect [experiments 2, 3 and 3 (a), 
Table V]. Although these deposits were quite adherent and could be scratch-brushed, 
they could not take on as high a polish as those from cyanide baths. The deposits 
obtained by using boric acid along with citronella oil, as well asa combination of 
ammonium fluoride and clove oil, were also smooth, but these were not as good as 
those from solutions containing currant essence. 

In general, the best deposits obtained in these studies do not come up to the 
excellence of those from cyanide baths. 

The authors are grateful to Dr. S. Ramachandra Rao, Professor of Physics, 
University of Mysore, for having kindly measured the magnetic susceptibility of the 


silver dioxide. 
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STUDIES ON CERAMIC RAW MATERIALS. PART I. MECHANISM OF 
FERRIC IRON REDUCTION AND THE FIRED 
COLOUR OF CLAYS 


By H. N. Das-Guprta anp S. K. CHATTERJEE 


lt has been shown that fired clays always retain a certain percentage of ferrous iron. irrespective 
of firing conditions, and that the iron in ferrous state plays an important réle in modifying or in 
exaggerating the final colour. A studv of the behaviour of ions, attached to clays, towards ferric 
iron has also been made. It has been established that these cations reduce the inherent ferric iron 
or its compounds at elevated temperatures and thereby alter the fired colour of clays. The extent 
of such reduction depends on the base-exchange capacity of the clay. Ferric iron artificially impregnat- 
ed with clays also suffers similar reduction. The probable mechanism of such reduction process 
has been outlined. Na-clay has been prepared and the progress of ferric iron reduction under different 


furnace conditions has been studied fully. 


In the classification of clays for commercial uses, one of the most significant pro- 
perties is the intensities of coloration developed by them after firing. This fired 
colour, however, is mainly due to iron compounds present in clays, although the 
intensity of coloration is not always directly proportional to the actual quantity of iron 
present. A study of the relationship between the iron content and the fired colour of 
clays has been the subject matter of different investigators. It is evident from their 
findings that the fired colour of clays depends on (a) the size of grain and the state of 
distribution of iron (Bancroft, ‘“‘Applied Colloid Chemistry’’, p. 242, 1926; Mott, 
Trans. Amer. Electrochem. Soc., 1918, 34, 292), (b) the influence of accompanying 
minerals that may exert bleaching effect on the red colour of iron by chemical combina- 
tion, forming new compounds or by preventing the reduction of the buff and red or ferric 
forms to the brown and black or ferrous forms (Seger, “Collected Writings’, Vol. I, 
p. 115; Kinnison, Trans. Amer. Ceram. Soc., 1914, 16, 136; Orton, ibid., 1903, 5, 389), 
(c) the dissociation of ferric oxide (Hostetter and Roberts, J. Amer. Ceram. Soc., 1921, 
4, 927; Hostetter and Sosman, J. Amer. Chem. Soc., 1916, 38, 807, 1188), (d) the 
Kiln gases containing carbon monoxide or hydrocarbons (Eastman, U. S. Bur. Mines, 
Private Report; Cain and Adler, U.S. Bur. Standards, Sci. Paper, 1919, No. 350), (e) 
flashing, particularly, if most of the iron be in the crystalline than in the amorphous 
condition (Henderson, J. Amer. Ceram. Soc., 1918, 1, 148), and (f) the extent 
of vitrification due to fluxes ‘Seger, loc. cit., p. 107). Thus, the problem has 
been studied in diverse ways, and, in general, it may be deduced that the resultant 
colour of fired clays depends mostly on the state of oxidation of iron or of its compounds 
and on the size of grains and their uniformity of distribution. 

The ferric iron in clays is gradually converted into the ferrous form due to dissocia- 
tion or reduction or to both, depending on conditions. The reduced product is re- 
oxidised during the process of cooling in an oxidising atmosphere. (n this particular 
point there is complete unanimity in the views of different workers. Discordant views 
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have, however, been expressed in respect of the dissociation temperature of ferric oxide. 
In this connection the names of Hostetter and Roberts (loc. cit.), Wilsom (loc. cit.) 
and of Moore (Clay-craft, 1948, 24, 412! deserve special mention. The recorded 
minimum temperature for the onset of oxygen toss under reduced oxygen conditions 
is 1000°. This divergent opinion is also noticeable in the case of reduction phenomenon. 
According to Baur and Glaessners’ curve (Wilson, ‘‘Ceramics, Clay Technology’’, 1927, 
p. 166), it will be necessary to go up to r100° before Fe,0, can be reduced to FeO 
with an atmosphere of 15% CO. 

The findings of previous workers are both conclusive and instructive and help us 
in elucidating the reasons that lead to the development of a particular colour in fired 
clay products. However, from a study of relevani facts so far discovered, it appeared 
to us that perhaps there were something else responsible for the production of ferrous 
iron. Secondly, this ferrous form, even in minute quantity, must play an important 
role in exaggerating or modifying the final colour of fired clays. Thirdly, the intensity 
of coloration may not always bear the direct reiation with the actual concentration of 
iron, but the tone of colour must be affected owing to increased production of ferrous 
oxide. These considerations offered suggestions for further investigations covering 
other aspects of the problem. From our findings we arrived at the following conclusions: 

1. A part of the iron in fired clays always exists in the ferrous condition, irrespec- 
tive of the nature of the atmosphere. Re-oxidation does not take place very easily 
if the ferrous iron enters into chemical combination. 

2. Increased concentrations of iron in clays give higher proportions of ferrous 
oxide. 

3. Ordinarily, the conditions in commercial clays are such that they tend to- 
wards reduction of the ferric iron because of ions attached to the broken 
corners and edges of all clays. These ions are not really part of the crystai 
structure, but are held in place by unsatisfied bonds and, as such, they are easily 
replaceable by other ions. Under the influence of heat, these ions get detached and 
reduce the higher oxides of iron. 

4. The tendency towards reduction increases with increased proportion of ions. 

5. The extent of reduction due to (4) is variable as it depends on the nature of the 
adsorbed ions. 

6. Due to (1) and (2) there is a definite change in the tone of colour of the fired 
mass. 

7. Mineral impurities also have an important influence on the progress of reduction 
of ferric compounds. Of these, the alkali feldspars deserve special mentioning. In 
fact, works with these compounds did lead to the revelation of many important pheno- 
mena and, as such, this will form the subject matter of a separate communication. 

The present paper embraces a'study on three different clay samples only, viz., China 
clay from Jhaja, Fire-clay from Rajhera and Gangetic silt from a number of overhead 
tanks for unfiltered water in Calcutta. ‘This silt is a heterogeneous collection, consisting 
of calcareous, ferrugineous, silicious and clayey materials (De, Chatterjee and Das- 
Gupta, J. Indian Chem. Soc., Ind. G News Ed., 1948, 11, 97). The inherent iron 
as Fe,0, of each sample isdifferent. It will be seen from the analytical table that the 
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percentage of iron in China clay is not appreciable. For higher concentrations of 
iron, the sample was artificially impregnated with ferric compounds. It is a fact that 
iron oxide, when added in the finely divided form, does produce uniforin coloration, free 
of specks, but the range of colour and the intensity per unit weight are not so great 
as those of natural clays. The nearest duplication was produced either by grinding 
the iron compounds, reduced to colloidal form, with the clay particles in a pot mill, or 
by adding a solution of iron salt to the clay and slowly evaporating the mass with 
frequent stirring. 

The present plan of study consists in exposing the clays to different atmos- 
pheric influences and determining the ferrous iron content of the resultant pro- 
ducts. The fired clays, however, were either suddenly chilled under mercury or 
allowed to attain the atmospheric temperature slowly under the influence of the same 
atmosphere. ‘The maximum temperature used for China clay and fire-clay was 1350° 
and the corresponding temperature for silt was only 1050°. 


ExPERIMENTAL 


In every sample a measure of total iron, as Fe,0;, was obtained by opening the 
fired product with sodium carbonate in the usual way. The percentage of FeO was 
separately determined. This was calculated to ferric oxide and the value, thus obtained, 
was subtracted from the total Fe,0, to get a measure of the actual ferric iron. A 
number of different methods has been suggested for decomposing the silicates without 
interference with the state of oxidation of iron. ‘The process recommended by Mellor 
and Thompson ‘‘‘A Treatise on Quantitative Inorganic Analysis’, 1938, p. 513) was 
adopied for finding out the percentage of ferrous iron in each sample. This consists in 
digesting a coarsely powdered and moistened sample with a mixture of HF and diluted 
sulphuric acid (1:3) in a platinum crucibie, with a tight-fitting lid. Bumping 
is prevented by putting in a couple of coils of platinum wire. ‘The crucible is fitted 
up tightly into a hole in the centre of a piece of asbestos mill board so that it passes 
about half-way through ; the joint between the crucible and the asbestos is nearly air- 
tight. A funnel (coated inside with paraffin-wax) is placed over the crucible, leaving 
very little gap. The stem of the funnel is connected to a CU,-generator and a steady 
stream of the gas is maintained throughout the digestion period. The contents of the 
crucible are allowed to boil gently by playing a flame well below the crucible and this 
is continued till the decomposition is complete. When cold, the crucible is immersed 
in sufficient quantity of recently boiled and cooled distilled water. After treating the 
extract with potassium sulphate and just sufficient silicic acid, the ferrous iron is rapidly 
titrated with standard potassium permanganate to the appearance of a pink colour. A 
blank test is similarly performed and necessary correction made. 


Table I records the analyses of clays used in the present investigation. Each 
sample was dried at 110° before analysis. 

With a view to studying the progress of reduction of ferric iron in clay under 
different atmospheric conditions, several experiments were made with China clay as such 
or after impregnating it with varying proportions of ferric silicate, ferric nitrate, mag- 
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TABLE I 
Substance. SiO, ALO;  *Feg)s. FeO. TiO,. CaO. MgO. Alkalies. Loss. 
China clay 52.25% 33-70% 0.59% 0.0016 % Trace 1.30% 0.995% 1.30% 9 50% 
Vire-clay 61.20 25-47 1.43 0.0113 1.50% 0.13 Tiace 0.40 10.00 
Ganges 61.73 17.42 5.89 0.100 _ 3-86 2.10 1.71 7-27 
silt 


*Total ironfas Fe,O,. 


The heating was done in a muffle furnace, the door of which 
For each experi- — 


netite and ferric oxalate. 
was provided with two openings for the entry and exit of dry gases. 
ment, the same weight of clay or its mixture was taken in a shallow refractory tray of 
3" diam. and this was spread uniformly in a thin layer. Throughout the period 
of heating and cooling, a steady stream of a particular gas was maintained inside the 
furnace. Twosets of experiments under different conditions of heating, soaking and 
cooling were performed with each sample. Tables II to VI record the results of such 
observations. The symbols like C. G. and K. G. stand respectively for combined gases 
(CO,, N2, CO and air in equal proportions by vol.) and kiln gas. In the latter case the 
total period of heating and cooling entailed 90 hours. 


TABLE II 
China ciay alone. 


Maximum temperature exposed = 1350°. 
% FeO in the 


% Fe as FeO; in Atmosphere Colour of the fired 

the clay when exposed. clay after fired clay after 
Raw. Fired. *1o hrs **34 hrs. *ro hrs. **34 hrs 

Air White White 0.0031 0 005 

Ng Matt white Matt white 0.0062 0.008 
CO, Do Do 0.0043 0.0076 

0.59 0.52 co Do Do, with a 0.0080 -O10 

bluish tinge 
C.G. Matt white 0.010 
0.54 K.G. Faint greenish white after go hrs. 0.009 


* Heating, shrs., soaking, rhr., cooling, 4 hrs. 


** 
%” 


I2 ” 12 


Io. 


Tables II to VI clearly point out the following :— 


(a) Whatever may be the mechanism of reduction or of oxidation, a certain pro- 
portion of iron is always retained in the ferrous form and this is always in excess of 


what was originally present in the clay. 


(b) The added ferric compounds also suffer reduction as wiil be evident from 


the increased proportion of ferrous iron in the fired clays. 
even with a compound of oxidising type (Table IV), 


There is again no exception 
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TABLE III 


Effect of heat on China ciay; containing different percentage of impregnated ferric 
silicate (Fe.O3,71.01% 


Temperature =1350°. 


Silicate. %Fe as Fe,O3 in Atmosphere Colour of the fired % FeO in the fired 
the clay when exposed. clay mixture after mass after 
Raw. Fired. 10 hrs. 34 hrs. 10 hrs. 34 hrs. 
Air White, slight Cream white 0.06 0.08 
greyish tinge 
1% 1.28 1.17 No Greyish white White, over- 0.102 0.17 


shadowed by 
greyish blue 


CO, Whitish grey Do 0.090 0.19 
ee White with a Bluish grey 0.300 0.402 
bluish tinge 
c. G. we Do 0.430 
1.18 E.G. Light bluish green colour (90 hrs.) 0.380 
Air Cream Yellowish brown 0.160 0.270 
2% 1.98 1.89 No Pale buff Straw-yellow 0.220 0.360 
CO, Yellowish brown Dark straw-vellow 0.206 0.410 
co Pale greenish buff Blackish brown 0.740 1.030 
C.G. on Pale vellowish green 0.990 
1.90 K.G. Creamish yellow after 90 hrs. 0.780 
Air Yellowish brown Reddish brown 0:33 0.480 
4% 3-31 3-02 Ne Do with slight Blackish brown 0.480 0.71 
blackish tinge 
CO, Do Greenish brown 0.520 0.740 
co Blackish brown Deep black- 1.630 3.004 
ish brown 
C.G , Do 1.340 
3-10 K.G. Deep brown after go hrs 1 010 
Air Deep reddish brown Snuff colour 0.520 0.610 
5% 4.006 3.801 Ne Blackish brown Chocolate, 0.60 0.760 
tinged black 
CO, Do Deep brown 0.730 0.830 
co Deep blackish biown Deep black, 3.030 4.010 
Metallic lusture metallic lustre 
C.G. aa Do, sinters 1.80 
3.83 K.G. on Do, after 90 hrs. 1.360 


3—1777P—8 
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Taste IV 


China clay impregnated with varying proportions of ferric nitrate (FezOs, 32.37%). 
Temperature=1350°. 


Nitrate. % Fe as Fe,O;in the Atmosphere Colour of the fired % FeO in the 
clay mixture when exposed. clay mixture after fired mass after 
Raw. Fired. Io hrs. 34 hrs 10 hrs. 34 hrs. 
Air Greyish white Pale cream 0.04 0.043 
N3 Matt white Pale buff 0.08 0.090 
1% 0.93 0.86 CO, Do Do 0.06 0.088 
co Pale bluish green Pale bluish green 0.11 0.160 
C.G Bluish green 0.180 
o 88 K.G. Bluish green after 90 hrs. o 106 
Air Cream Yellowish brown 0.08 0.070 
Ny Pale yellow- Yellowish 0.13 0.170 
ish brown cream 
2% 1.20 1.04 CO, Do Do 0.10 0.167 
co Greenish blue Blackish brown 0.30 0.470 
c.G. Rrown 0.330 
.06 K.G. Yellowish brown after 90 hrs 0.269 
Air Brown Reddish brown 0.14 0.120 
Ne Chocolate Chocolate 0.31 0.370 
4% 1.804 1.64 CO, Do Do 0.27 0.330 
co Blackish brown Dark chocolate 0.996 1.002 
C.G. Blackish brown 0.810 
1.67 K.G. Chocolate after 90 hrs. 0.702 
Air Deep chocolate Deep chocolate 0.32 0.280 
Ng Blackish brown Deep black- 0.44 0.550 
ish brown 
5% 2.06 1.86 CO, Do Do 0.46 0.510 
co Deep black- Deep black, 1.36 1.410 
ish, sinters metallic lustre, 
sinters. 
C.G. Deep blackish 0.990 
brown, metallic 
lustre, sinters 
1.88 K.G. Deep black, metallic lustre, sinters, 0.840 





go hrs. 
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TABLE V 


China clay admixed with powdered ferric oxalate (Fe,Os, 21.2% ). 
Temp. =1350°. 


Oxalate. % of Fe as Fe,Q3 Atmosphere Colour of the fired clay %FeO in the fired 
in the clay mixture exposed. mixture after mass after 
Raw. Fired. 10 hrs. 34 hrs. 1ohrs. 34 hrs. 
Air Cream Cream 0.05 0.030 
Ne Greyish buff Pale buff 0.07 0.080 
CO, Do Do 0.C9 0.°99 
1% 079 0.63 co Pale bluish green Light bluish green 0.18 0.196 
C.G. ian Greenish cream 0.190 
0.66 K.G. Yellowish cream after go hrs. 0.140 
Air Yellowish brown Yellowish brown 0.09 . 0.070 
Ng Pale yellowish Light yellowish 0.171 0.188 
brown brown 
2 1.004 o 84 CO, Do Do 0.176 0.190 
co Pale chocolate Chocolate 0.31 0.403 
C.G. de Yellowish brown 0.360 
0.87 'K.G. Yellowish brown after 90 hrs. 0.280 
Air Reddish brown Reddish” brown 0.94 0.130 
Ng Chocolate Chocolate 047 ©4500 
4 1 36 1.14 CO, Do Do 0.43 0.510 
co Deep blackish Deep blackish 1.10 1.200 
chocolate chocolate 
C.G. =e. Blackish brown 0.810 
1.17 K.G. *Deep brown after go hrs. 0.670 
Air Deep brown Brown 0.26 0.200 
Ne Blackish brown Chocolate 0.66 0.690 
5 1.54 1.35 CO, Do Do °79 © ©0.820 
co Deep blackish Deep blackish 1506 1.532 
brown brown 
CG. tae Do 0.040 


1.36 K.G. Deep chocolate after go hrs. 0.8066 
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TABLE VI 


China clay intimately mixed with magnetite powder (Fe,O;, 68.8% ; Fe, 30.91%). 
Temp. =1350°. 


Magnetite. %Fe as Fe,O, in Atmosphere Colour of the fired clay % FeO in the fired 
the clay mixture. exposed. mixture after mass after 
Raw. Fired. 10 hrs. 34 hrs. 10 hrs. 34 hrs. 
Air Cream Creantish yellow 0.18 0.103 
Ng Yellowish buff Yellowish buff 0.64 0.684 
2% 2.64 2.38 CO, Do Do 0.66 0.960 
Co Blackish brown Deep blackish brown 2.003 2.120 
C.G. Blackish brown 0.860 
2.41 K.G. Chocolate brown after 90 hours. 0.940 
Air Deep brown Deep chocolate 0.60 0.560 
Ny Deep chocolate Deep blackish brown 1.42 1.501 
4% 4.66 4.402 CO, Do Do 1.46 1.606 
co Deep blackish Dark blackish brown, 
brown, metallic lustrous, sinters 3.9%2 3.960 
lustre, sinters 
C.G. eee Do 1.750 
1.410 K.G. Deep blackish brown, metallic lustre, sinters go hrs. 1.82 


(c) The tendency towards re-oxidation appears to be great'if the fired mass be 
in a porous or powdery state. Sintering, however, retards this re-oxidation process. 

(d) The formation of a sintered mass is due primarily to the production of ferrous 
silicate. ‘Table V shows that, for the onset of ferrous silicate formation, there must 
be a minimum concentration of FeO, as in other cases no sintering takes place, although 
the temperature in each case is 1350°. 

(e) The ferrous iron does, in fact, modify the tone of the resultant fired product. 

(f) Increased heating period favours comparatively increased ferrous iron*forma 
tion. 

The above mentioned facts, in fact, establish our previous contention that"fired 
clays always contain a portion of the iron in the ferrous state. In all these experi- 
ments the real extent of reduction could not be ascertained due to the ease 
with which ferrous iron is re-oxidised on exposure to air. With a view to ascertaining 
a measure of the actual FeO, formed during heating in different atmospheres, each 
raw clay sample was made into a thick paste with water. Several balls of one inch 
diameter were prepared from each paste. ‘These were then dried separately. Balls 
from different clays were simultaneously introduced inside the muffle and the process 
of heating was started in the usual way, maintaining a current of dry air or other 
gases through the muffle. A temperature of 1350° was reached in course of 18 hours 
and’an additional period of 6 hours was allowed for soaking. ‘Towards the end the 
door of the muffle was opened and the balls were quickly withdrawn from the furnace 
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one after another and chilled rapidly under mercury. ‘This prevented the opportunity 
for appreciable re-oxidation of the ferrous iron during cooling, particularly in an 
atmosphere of air. For a comparative study, two balls from each clay were taken 
when the atmosphere was only air. One ball was withdrawn and rapidly chilled, when 
the. soaking period was over, while the other one was allowed to attain room tempera- 
ture slowly during 24 hours. Balls from the Gangetic silt were, however, exposed 
to a maximum temperature of 1050° as the softening point of the silt was comparatively 
low. In order to avoid the chance of re-oxidation the chilled samples were rapidly 
tested for their ferrous oxide contents. These results have been tabulated in Table VII. 


TABLE VII 


Untreated clays. 


Substance. Temp. Atmosphere. Method of cooling. Total iron as 
Fe,O; FeO. 
Air. * RC. 0.205% 0.2015% 
$.cC. 0.430 0.0970 
No R.C. 0.13 0.34 
China clay 1350° CO, R.C. 0.17 0.301 
co R.C. Nil 0.47 
Air. Fe 0.860 0.509 
$.C. 1.290 0.103 
No R.C. 0.786 0.517 
Pire-clay¢ 1350° CO, R.C. 0.79 0.516 
co RC, Nil 1.24 
Air R.C; 3.30 2.02 
s.c. 5.62 0.16 
No R.C. 2.88 2.60 
Gangetic silt 1050° CO, R.C. 3.21 2.32 
co R.C. Nil 5.21 


* R.C. and S.C. indicate respectively “rapidly chilled’’ and “slowly cooled” specimen. 


The results shown in Table VII are particularly significant. First, they give us 
an idea about the actual yield of the ferrous oxide at the temperature of the experi- 
ment. Secondly, the oxygen of the .air cannot inhibit properly the progress of reduc- 
tion, provided that the temperature is high. ‘Thirdly, the re-oxidation process, although 
definitcly incomplete, is only possible at comparatively low temperatures. Fourthly, 
the extent of reduction is practically cent per cent in a reducing atmosphere, particular- 
ly if the mass be in a compact form. It is also a fact that in the slowly cooled 
specimen, the yield of ferrous iron is higher than those obtained previously (Table II). 
This is surely due to the compact form in which the clays are heated. Now it is 
to be judged how this reduction is brought about. According to the views of the 
previous workers the percentage of ferrous iron, produced in clays, depends on (a) the 
percentage of ferric iron dissociated, (b) the form and the proportion of the carbonaceous 
matters, and (c) the composition of the fire gases. 
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From the conditions of our own experiments it appears improbable that the 
reaction mechanisin should embrace only the facts enumerated above. The validity 
or otherwise of such a doubt can only be established if the reduction phenomenon be 
also observed after eliminating the influencing agents. 

Many clays contain appreciable amounts of organic matter, the influence of which 
on the properties of clays is not definitely known. It is generally agreed that it 
does influence the plasticity, dry strength, slip-forming properties and reduction of 
ferric iron to ferrous forms. Neariy all organic matter can be removed by long di- 
gestion wtth 30% hydrogen peroxide (Norton ‘‘Refractories”, 1942, p. 141). Accor- 
dingly, each clay sample was separately treated with hydrogen peroxide (30 vols.) 
for 7 days. Each was then filtered, washed, partially dried and then turned into balls 
of one inch diameter. ‘The dried balls were then fired in a muffle furnace as before 
under different atmospheric conditions. These results have been included in Table 
VIII. 


TasLe VIII 


Hydrogen peroxide treated clays. 


Atmosphere. Totalironas Remarks. Total iron as Remarks. Totaliron as Remarks. 
FegQ3. FeO. Fe,03. Fe. Fe,O3. FeO. 
China clay ; temp., 1350°. Fire-clay ; temp., 1350°. Gangetic silt ; temp., 1o50° 
Air. 0.36 % 0.161% R.C 0.94% 0.42% R.C. 3-77 °% 1.84% R.C 
0.44 0.090 S.C. 1.32 o.101_ S.C. 5-64 0.13 S.C. 
Nz 1.98 0.28 0.85 0.46 3-59 1.98 
CO, 0.216 0.26 0.85 0.47 3.62 1.96 
CoO Nil 0.465 Nil 1.24 Nil 5.206 


From a comparative study of the data in Tables VII and VIII it will be apparent 
that the fall in % reduction, even under oxidising atmospheric condition, is not striking. 
In the absence of organic or other reducing agents, the reason for the reduction, 
according to other workers on the line, may be attributed to dissociation phenomenon. 
It appears from previous record that the dissociation of ferric iron cannot start below 
1000°. Accordingly decarbonised clays were again subjected to a temperature of 
900°-g10° and the data have been included in Table IX. 


TABLE IX 


Balls rapidly chilled. Temp.=900°-g10°. 


Atmosphere. % Total iron as % Total iron as % Total iron as 
Fe,O3. _ FeO. Fe,0s. FeO, Fe,O3. FeO, 
China clay. Fire-clay Gangetic silt. 
Air 0.408 % 0.15 % 1.078 % 0.306 % 3.96% 1.73% 
Neg 0.35 0.20 1.01 0.35 3-72 1.93 
CO, 0.37 0.18 0.99 0.37 3-75 1.90 


co 0.15 0.38 0.28 1.01 0.33 4.98 














Proportion of FeO; in 








(Fe,O ; 71.01%). 


silicate. raw mix. 
1% 1.28 % 
2% 1.98 % 
4% 3-31 % 
5% 4.006 % 


Balls rapidly chilled. 


Atmosphere. % Total iron as 
Fe,0; FeO. 
China clay. 
Air 0.38 0.18 
No 0.24 0.30 
C04 0.22 0.26 
co 0.12 0.40 


Atmosphere 


MG.* 


Air 
Ng 
CO, 
CO 
MG. 
Air 
Ng 
CO, 
co 
MG. 
Air 
Ng 
CO, 
co 
MG. 


TABLE X 
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Temp. =9g00°-g10°. 


Total iron as 


Fe,O3. FeO. 
Fire-clay. 
1.02 0.36 
0.826 0.510 
0.80 0.511 
0,20 1.08 


TABLE XI 


Iron at 1350° 
Feo( Ig. 


0.64 % 
0.38 
0.27 
Nil 
0.24 


0.99 
0.49 
0.28 
Nil 


0.19 


"1.73 


0.90 
0.83 
Nil 
0.83 
2.36 
1.35 
1.10 
Nil 
1.31 


* MG. represents mixed gases, 
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% Total iron as 





For the sake of comparision, data on untreated clays, exposed to 900-910°, have 
also been collected and shown in Table X. 


Fe,Q3. FeO. 
Gangetic silt. 
3.87 1.81 
3-24 2.37 
3-45 2.15 
0.26 5.04 


Decarbonised China clay, impregnated with varying proportions of ferric silicate 
Balls rapidly chilled. 


Duration, 34 hours. 


as 


FeO, 


0.50 % 


0.72 
0.81 
1.06 


0.85 


0.80 
1.26 
1.45 
1.70 


1.51 


1.26 
1.96 
2.04 
2.76 
2.01 


1.32 
2223 
2.46 
3-44 
2.27 


Iron at 900° as 


Likewise, Tables XI to XIII include data on the progress of reduction of varying 
proportions of ferric compounds, purposely impregnated with decarbonised China clay 
and heated under different conditions of temperature and atmosphere. 
be seen that the tendency towards reduction has not been affected ap preciably, although 
organic compounds have been oxidised previously. 


Here also, it will 


Fe,O; FeO. 
0.72 % 0.48 % 
0.53 0.66 
0.39 0.79 
0.12 7.03 
0.42 0.73 
1.16 0.72 
0.96 0.92 
0.55 1.27 
0.15 1.63 
0.36 1.40 
2.01 1.14 
1.38 1.71 
1929 1.80 
0.58 2.41 
I-33 1.76 
2.67 1.20 
1.86 1.90 
1,60 2.14 
0,69 2.97 
I.70 2.07 
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TABLE XII 
Decarbonised China clay, impregnated with varying proportions of ferric nitrate 


‘FeO 3, 32.37%). Balls rapidly chilled. 





Proportion Fe,Q;inthe Atmosphere Iron at 1350° as Iron at goo® as 
of nitrate. raw mix 
Fe,0; FeO. Fe,03. FeO. 
1% 0.993 % Air 0.536 % 0.31 % 0.57 % 0.29% 
Ne 0.18 0.63 0.23 0.60 
CO. 0.08 0.71 0.16 0.66 
co Nil 0.79 Trace 0.81 
MG. 0.15 0.66 0.17 0.65 
2% 1.20 % Air 0.64 0.38 0.80 0.34 
Ny 0.26 0.72 0.41 Oy7O 
CO, 0.16 0.81 0.27 0.81 
co Nil 0.96 0.08 0.69 
MG. © 20 0.77 0.37 0.72 
4% 1.80 % Ait 0.97 0.60 1.15 0.56 
Ne 0.40 1.17 0.63 1.06 
CO, 0.14 1.40 0.30 1.33 
co Nil 1.53 0.06 1.57 
MG. 0.22 1.32 0.47 1.18 
5% 206 % Air 1.16 0.65 1.28 0.61 
No 0.40 1.32 0.78 1.12 
CO, 0.23 1.47 0.48 1.40 
- co Nil 1.68 0.09 1.76 
MG 0.30 1.41 0462 1.28 


TABLE XIII 


Decarbonised China clay, impregnated with varying proportions of magnetite 
(Fe,O;, 68.81% and FeO, 30.91%). 


Proportion of Fe,O; in the Atmosphere. Tron at 1350° as Iron at goo° as 
magnetite. raw mix. 
Fe,O3. FeO. Fe,O3. FeO. 
2% 2.64% Air 0.98% 1.31% 1.33% 115 % 
, N, 0.56 1.69 0.90 1.55 
CO, 0.30 1.96 0.57 1.84 
co Nil. 2.27 0.11 2.26 
M.G. 0.55 1.71 0.81 1.606 
4% 4.66% Air 2.20 2.02 2.50 1.92 
Nog 1.22 2.96 1.55 2.77 
CO, 0.49 3. 1.30 3.001 
co Nil. 4.06 0.19 3-99 


MG. 1.17 3-006 1.48 2.82 
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Tables IX to XIII clearly show that the reduction phenomenon does take place, 
even though the extraneous influences are completely eliminated. It is therefore 
rational to seek the reason for such reduction elsewhere. All clays contain ions, 
attached to the broken corners and edges of their crystal structure. These ions are 
not really part of the crystal structure but are held in place by unsatisfied bonds and, 
as such, are replaceable by H* and OH™ by a number of methods. Ordinarily, these 
exchangeable metallic bases comprise calcium, magnesium, sodium and potassium 
(Graham and Sullivan, ]. Amer Ceram. Soc., 1938, 24, 165). Since these cations are 
held in position by unsatisfied bonds, it may be assumed that their stability becomes less 
at elevated temperatures and they may get separated from the crystals as ions. If these 
ions encounter an oxide, which is capable of forming a lower oxide, e.g., Fe,O 3, the ions 
will combine with the oxygen atom, forming oxides of the corresponding cations and 
leaving iron oxide as ferrosoferric or ferrous oxide. The extent of reduction will 
naturally depend on (a) nature and concentration of the cations, ‘b) percentage of 
intrinsic iron oxide, (c) contact between the ions and the oxide, and (d) temperature. 

Again, high temperature should assist in promoting reduction in three-fold ways: 
Firstly, it augments the tendency towards increased dissociation of the ferric oxide. 
Secondly, the instability of ferric oxide due to heat would eventually make available 
increased number of oxygen atoms to the cations. Thirdly, the mobility of the ions 
increases due to decreased viscosity. 

The arguments, as advanced above, do perhaps explain clearly the reduction 
mechanism of ferric oxide in clays (Table IX). Recent works of Moore (J. Soc. Glass 
Tech., 1949, 88, No. 154, p. 267), and of Moore and Prasad ‘ibid., 1949, 38, No. 155, 
Pp. 336) on the stability of colouring oxides in glass, lend strong support in favour of the 
present arguments. ‘They have established that the alkali metals of glass ionise at high 
temperature and then combine with the oxygen atoms of those oxides that attain 
instability due to heat and, as such, the colouring oxides are reduced to their lower state 
of oxidation. 

With a view to making new evidences available, the progress of reduction of 
ferric iron (both intrinsic and impregnated) in clays was studied under different 
conditions of temperatures and atmospheres after subjecting them to preliminary 
treatments. These latter include (i) dialysis of raw or hydrogen peroxide treated 
clays to get rid of the attached ions, (ii) impregnation of dialysed clays with 
varying proportions of ferric compounds, and (iii) saturation of dialysed clays 
with alkali ions. If the arguments be correct, the extent of reduction must be 
low under conditions given in (i) and (ii), and the same for (iii) must be comparatively 
high. These have actually been substantiated from experimental results. 

Each clay sample, either raw or peroxide treated, was dialysed in a slip condition 
(5% solid) in an improvised cell for about two weeks in the usual way. Alteration in 
the composition took place in each case and this will be clear from a reference to Table 
XIV. These clays were then treated differently, as stated above, and the experimental 
resuits are recorded under Tables XV to XVIII. Details involving time, temperature, 
composition of each batch, etc., have been specified at the top of individual table. It 
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may be specially mentioned that, excepting under air, all specimens in the form of balls 
were rapidly chilled. When the atmosphere was air, a pair of balls were used with a 
view to obtaining data on slowly cooled and rapidly chilled samples. Every sample in 
the form of a powder was slowly cooled. 


TaBLe XIV 


Analyses of dialysed clays. 
Substance. Si0,. Al,Os. Fe,03* FeO. TiO, CaO. MgO. Alkalies. Loss. 


China clay 54.38% 34.17% 0.58% Nil. Nil 116% 084% Slight trace 8.6% 
Fire-clay 62.52 26.40 1.40 0.102% 1.57% 0.09 _ _ 8.01 
Gangetic silt 62.91 18.32 5.87 0.056 Nil 3-61 1.94 — . 6.96 


* Total iron as Fe,0;. 


A comparison of Tables I and XIV indicates definite changes in respect of 
percentage of alkalies and alkaline earths. Complete removal of adsorbed ions or 
groups could not be made, nor attempted, as that was not precisely the scope of the 
present investigation. Removal of some cations, particularly of the alkali metals, 
was effected in each case. This was further verified, by introducing definite weights 
of dialysed clays separately in a vertical unglazed porcelain tube of half inch 
diameter and allowing a definite volume of 10% solution of sodium chloride to 
percolate through them. The issuing liquids proved distinctly acidic and were 
stronger than those obtained from the corresponding raw clays under identical con- 
ditions of experiment. In fact, the fsx of the solution from raw China clay was 6 
and that from the dialysed specimen was 5.5. 


TABLE XV 


Carbonaceous clays after dialysis. 
Balls rapidly chilled. 


Substance. Temp. Atmosphere. Total iron in the fired Remarks. 
clays as 
Fe,O3. FeO. 
China clay 1350° Air 0.43% 0.095%, R.C. 
0.505 0.030 S.c. 
Ne 0.397 0.12 
CO, 0.41 O.11 
co Trace 0.46 
Fire-clay 1350° Air 1.10% 0.194% n.c. 
1.26 0.060 Ss. C- 
Ne 1.16 0.18 
CO, 1.15 0.18 
co Trace 1.23 
Gangetic 1050 Air 5-44 0.286 RC, 
silt 5-64 0.094 s: ¢: 
Ny 5-525 0.265 
CO, 5-53 0.26 


co Trace 5.202 
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TasLe XVI 
Carbona-seous clays after diaiysis. 


Balls rapidly chilled. Temp.=900°-910°. 


Atmosphere. Total iron as Total iron as Total iron as 
Fe,03. FeO. Fe,03. FeO. Feg( dg. FeO. 
China clay Fire-clay Gangetic silt 
Air 0.52% 0.05% 1.388% Trace 5-70% 0.144% 
Ne 0.45 0.11 1.19 0.18% 5.58 0:25 
CO, 0.46 0.10 1.20 0.17 5.60 0.23 
co 0.31 0.23 0.89 0.45 4.36 1.35 


From a comparison of the data in ‘ables VII and XV, and in Tables X and XVI 
the influence of attached ions om the progress of reduction will be apparent. 
Considerable experimental difficulties are usually encountered to effect a complete 
elimination of the attached ions from clays, and the present experiments are no 
exceptions. For, if it were possible, the values for FeO content would have been still 
lower. However, the results, undoubtedly, confirm the view that the attached ions 
are responsible for reduction. 

Tables XVIT and XVIII show the results obtained with clays that were first treated 
with hydrogen peroxide and then subjected to dialysis. If our contention be correct, 
these results must be lower than those recorded in Tables XV and XVI, and still more 
lower than those in Table IX. In fact, experimental results are in close agreement with 


our expectation. 
TABLE XVII 
Clays first treated with H,O, and then dialysed. 
Balls rapidly chilled. 


Substance. Temp. Atmosphere. Total iron as Remarks 
Fe,03. FeO. 
China clay 1350° Air 0.471% 0.086% R.C. 
0.566 0.004 S.C. 
No 0.416 0.103 
CO, 0.44 0 09 
co Trace 0.46 
Fire-clav 1350° Air 1.21 0.17 R.c. 
1.38 0.009 S.c. 
Ng 1.16 0.17 
CO, 1.16 0.168 
co Trace 1.227 
Gangetic 1050° Air 5-59 0.24 RL. 
silt 5.76 0.0098 S.c. 
Ne 5-54 0.25 
CO, 5-55 0.244 


Trace 5.20 


Oo 
Cc 
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TABLE XVIII 
Clays first treated with H,O, and then dialysed. 


Temp. =900°-gI0°. 


Atmosphere. Total iron as Total iron as Total iron as 
Fe,Q3. . FeO. Fe,Q3. FeO. Fe Q3. FeO. 
China clay Fire-clay. Gangetic silt. 
Air 0.545 0 03% 1.40% Trace 5-75% 0.102% 
Ng 0.48 0.08 1.20 0.16% 5-58 0.24 
CO, o 48 0 08 I 21 0.161 5-61 0.22 
co 0.326 0.22 0.935 0.41 4.38 1.33 


Further, it is reasonable to expect that the extent of reduction of ferric iron in 
artificially impregnated dialysed China clay must not be higher than that of similarly 
impregnated raw China clay (Tables III to V). Secondly, the tone of the fired colour 
of these specimen should be different from those obtained from raw clays containing 
identical proportions of ferric iron. In fact, a complete corroboration of these will be 
found from a comparison of data in Tables XIX to XXI1 with those of Tables II to VI. 
The duration in each case involved 34 hours excepting in a down draught kiln. In the 


latter case, this entailed 90 hours. 


TasBLre XIX 
Dialysed China ciay impregnated with ferric silicate. 


Temp.=1350°. Slow cooling. 


Proportion of Total iron as Fe,O; in Atmosphere. Fired colour. % FeO in the 
silicate. Raw mix. Fired clay. fired mass. 
1% 1.27% 1.17% Air Creamish white 0.044 

we Ng Matt white 0.083 
wb CO, Do 0.077 
ain co Light greenish tinge 0.20 
1.168 C.G. Do 0.102 
1.180 K.G. Pale cream 0.098 
o/ 1.968% 1.886 Air Cream 0.090 
ala me ies Ne Pale buff 0 102 
CO, Do 0.100 
in co Pale greenish tinge 0.460 
1.890 C.G. Yellowish buff 0.298 
1.90 K.G. Cream 0.280 
9 9 .170 Air Brown 0.170 
4% 3-303% wie Ny Yellowish brown os 
co, Do 0.230 
dans co Chocolate 0 860 
3.168 C.G. Yellowish brown 0 670 
3-198 K.G. Deep brown 0 571 
5%, 3.99% 3.81 Air Deep brown 0.220 
one Ne Chocolate 0.290 
CO, Do 0.301 
= co Deep chocolate, sinters 1.006 
2.801 C.G. Deep brown mass, sinters 0.920 
3.816 K.G. Deep chocolate 0.800 


C. G. denotes combined gases & K. G. denotes kiln gases. 
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TaBLe XX 


Dialysed China clay, impregnated with ferric nitrate (Fe,Os, 32.3 %). 


Temp.=1350°. Slow cooling. 


Proportion of Total iron as FeO; in, Atmosphere, Fired colour. % FeO in the 
ferric nitrate. fired clay. 
Raw mix. Fired clay. 


1% 0.90 % 0.870 % i Matt white 0.0087 
N Greyish white 0.020 
Do 0.019 


Do 0.090 
0.866 » @. Creamish white 0.060 
0.875 .G. Cream 0.049 


1.05 Yellowish cream 0.03 
Pale yellowish brown 0.06 

0.058 

Pale yellowish green 0.240 

Pale brown 0.106 

Pale yellowish brown 0.102 


Brown 0.06 
Light chocolate 0.101 
Do 0.103 
Deep chocolate 0.520 
Deep brown 0.380 
Do 0.360 


Deep brown 0.12 
Deep chocolate 0.138 
” 0.130 


CO 0.80 
6 0.570 
K. G. 0.480 
TABLE XXI 
Dialysed China clay, impregnated with magnetite. 


Temp.=1350°. Duration= 34 hours. 


Proportion Total iron as Fe,O, in Atmosphere. Fired colour. % FeO in 
of fired'clay. 


— Raw mix. Fired clay. 
2% 2.6 % 2.470 % i Cream 
Light buff 
Do 
Brown 
Do 
Do 


Deep brown 
Yellowish brown 
Do 
Deep chocolate 
Deep brown 
Do 
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Table XXII will be of interest as it shows. the actual yield of ferrous iron in a 
mixture of, dialysed China clay and ferric silicate at 1350°. Samples were heated in 
air and rapidly chilled under mercury. 


TaBLe XXII 
Temp. =1350°. 
Proportion Tron as Fe,O; in Iron in the fired clay as 
of ferric the mix. 
silicate. Fe,03. FeO. 
1% -<-d70 % 0.83 % 0.30% 
2 1.968 1.36 0.45 
4 3-303 2.38 0.71 
5 3-990 2.90 0.86 


From Tables XIX to XXI it appears that in every case the tutal percentage of iron 
as Fe,O, in the fired product is less than that in the raw mix. This indicates some 
loss of iron due to volatilisation and, in fact, corroborates the observation made by Wilson 
(loc. cit.). 

It is a matter of common experience that after a H- clay is prepared by any one 
of the standard methods, ions in any amount up to the saturation point can replace the 
hydrogen or hydroxyl group to give a clay with controlled adsorbed ions. Previous 
works on the subject reveal that the type of ion present in the clay profoundly influences 
its physical properties. Accordingly, it is anticipated that clays must evince in- 
creased activity towards iron-reduction operation, if they are saturated with sodium ions. 
Dialysed clays were therefore separately treated with 10% solution of sodium chlo- 
ride for 24 hours with constant stirring. This was then filtered and the residue was well 
washed, till the acidified filtrate gave no precipitate with silver nitrate solution. The 
same operation was also repeated with clays that were treated with hydrogen peroxide 
prior to dialysis. Table XXIII shows the analyses of the dried sodium clays thus 
obtained and Tables XXIV to XXVII record data on the progress of reduction with 
different sodium clays. 


TABLE XXIII 


Na-claysfrom  SiQ,. Al,Qs. Fe,Q03. TiO). CaO. MgO. Alkalies. Loss. 
China clay 52.01% 33-34% 0.57% - 1.28%, 0.91% 2.01% 9.28% 
Fire-clay 61.01 25.11 1.38 1.48% 0.10 _ 0.72 9-7 
Silt 61.42 17-18 5.8 _ 3-72 2.00 2.20 7.14 


The above table shows that in every case there has been, if not to saturation, some 
attachment of sodium ions. 














Sodium clay 
from | 


China clay 


Fire-clay 


Gangetic silt 


Sodium clay 
from 


China clay 





Fire-clay 


Gangetic silt 
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Initial % iron 


as Fe,0;. 


0.57 


1.38 


5,80 


Tatte XXIV 


Carbonaceous sodium clays. 


Balls rapidly chilled. 


Temp. 


1350° 


1350° 


1050° 


Atmosphere. 


Air 
Ng 

CO, 
co 


Air 


CO; 
co 
Air 
Ng 
CO, 
co 


TaBLeE XXV 


Carbonaceous sodium Glays. 


443 





Total iron in fired clays as 


Fe,Os. 
0.05 % 
Trace 
0.06 
Nil 
0.838 
0.75 
0.78 
Nil 
2.08 
0;36 
1.74 
Nil 


Balls rapidiy chilled... Temp.=9g00°-910°. 


Total iron in fired clays as 


Initial % iron 


as Fe,0;. 


0.57 


Atmosphere. 


Ng 
CO, 


Fe,O3. 
0.06% 
0.37 
Trace 
0.09 
Trace 
0.82 
1916 
0.83 
0.83 
Trace 
2.41 
5:14 
1.28 
1.78 


Trace 


FeO. 


0.43% 
0.15 
0.50 
0.41 
0.49 
0.47 
0.16 
0.49 
0.47 


1.24 


3-003 
0.55 
4-05 
3-58 


FeO. 
0.44% 
0.45 
0.43 
0.46 
0.45 
0.51 
0.49 
1.20 
3-34 
4.86 
3-603 
5-17 


Remarks 


R.C. 
S.C. 


R.C, 
S.C. 
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Sodim clay 
from. 


China clav 


(Fe,O3, 0.57%) 


Fire-clay 


(Fe,O3, 1.38%) 


Gangetic silt 
(Fe,0sz, 5 .80 %) 


Sodium clay 


from. 


China clay 
(FeO3, 0.57%) 


Fire-clay 


(Fe 03, 1.38%) 


Gangetic silt 
(Fe,03, 5.80%) 
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Temp. 


1350° 


1350° 


1o050° 


Taste XXVI 
Decarbonised sodium clays. 
Balls rapidly chilled 


Atmosphere. 


Air 


CO, 
co 


Ne 
co, 


Air 
Ne 
CO, 
co 


Total iron in fired clays as 


Fe,03. 
0 08% 
Trace 
0.04 
Nil 
0.87 
0.79 
0.85 
Nil 
2.43 
1.50 
1.75 


Nil 


TABLE XXVII 


Decarbonised sodium clays. 


Balls rapidty chilled, 


Atmosphere. 
Fe,O3. 
Air 0.12% 
0.42 
Ne 0.08 
CO, 0.08 
co Trace 
Air 0.88 
1.19 
Ne 0.84 
CO, 0.89 
co Trace 
Air 2.54 
5.20 
No 1.57 
CO, 1,83 
co Trace 


Temp.=900°—910°. 


Total iron as. 
FeO. 
0.38% 
0.12 
0.44 
0.42 
0.488 


0.41 
0.148 
0.48 
0.42 


1.24 


2.92 
0.503 
3-78 
3-56 
5-19 


FeO, 
0.42% 
0.45 
0.43 
0.46 
0.422 
0.48 
0.42 
1.195 
2.99 
3.80 
3-59 
167 


Remarks. 


RC. 
S.C, 


sc. 


RC. 
S.C. 
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Experiments with sodium clays give, incidentally, a clue as to the nature of attach- 
ment between the bases and clays. Some investigators believe these bases to be merely 
adsorbed, while others regard them as definitely combined with clays. The ease with 
which the bases are loosened of their attachment to clays tends to lend strong support 
in favour of the former view. 

Tables XXVIII to XXXI record results which show the influence of increased 
concentrations of ferric iron on the: fired colour of sodium clay. These experiments 
are, in fact, analogous to those recorded in Tables II to VI and in XIX to XXI. As 
should be the case, the percentage of ferrous iron, which escaped re-oxidation, is definite- 
ly higher in each case. Relatively, however, the yield of ferrous iron in any mixture 
of sodium clay and ferric nitrate is lower than that from other ferric compounds and 
sodium clay. This may, perhaps, be due to the fact that the clays were incorporated 
with ferric nitrate in solutions and, as such, partial exchange of base might have taken 
place. This, coupled with the oxidising character of the compound, may be responsible 
for a low yield of ferrous iron. 

Taste XXVIII 


Sodium China-clay, impregnated with varying percentage of ferric silicate. 


Temp.=1350°. Duration=34 hontrs. 


Proportion Total iron as Fe,O, in Atmosphere Fired colour. % FeO in the 
of silicate. exposed. fired mass. 
Raw mix. Fired clay 
1% 1.19% 1.158% Air Cream 0.18 
No Buff 0.223 
CO, Buff 0 280 
co Bluish green tint 0.6go 
1,150 Cc. G. Light bluish green 0.580 
1.16 K. G. Light yellowish green 0.50 
2% 1.90 1.720 Air Brown 0.36 
Ne Yellowish green 0.48 
CO, Do 0.59 
co Chocolate 1.38 
1.700 C. @: Brown 1.24 
1.720 K. G. Yellowish brown 1.176 
4% 3.003 2.73 Air Deep brown 0.67 
Ny », blackish brown 0.94: 
CO, Do 0.98 
co Dark blackish brown 2 63 
2.74 C.G. Chocolate 1.66 
2.74 K.G. Deep brown 1.36 
5% 3-67 3.50 Air Blackish brown, simters 0 92 
N; Do 1.004 
CO, Do 1.07 
co Deep black, sinters: j 3.20! 
3.49 6. ¢: Dark chocolate 2.70 
3.51 K. G. Deep blackish chocolate 2.51 
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Slew cooling was made in every case. Heating and cooling entailed 90 hours in a 


down draught kiln. 


N. 


TaBLE XXIX 
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Sodium China clay, impregnated with varying proportions of ferric oxalate. 


Temp. =1350°. 
on Total iron as Fe,O;in Atmosphere 
of oxalate. exposed. 
Raw mix. Fired clay. 
1% 0.77% 0.66% Air 
Ng 
CO, 
co 
0.67 C.G, 
0.68 KG. 
2% 0.98 0.85 Air 
Np 
CO, 
co 
0.858 C.G, 
0.880 K.G. 
4% t.21 1.07 Air 
, N, 
CO, 
co 
1.08 C.G. 
1.01 K.G, 
5% 1.50 1.35 Air 
Ny 
CO, 
co 
1.36 C.G 
1.37 K.G. 


down dratight kiln. 








Duration = 34 hours. 


Fired colour 


Pale cream 

Pale greenish tinge 
Do 

Bluish green tinge 

Light greenish tinge 

Greenish white 


Yellowish brown 

Yellowish green 
Do 

Brown 

Yellowish brown 


Do 


Reddish brown 
Deep brown 
Chocolate 

Deep bluish green 
Chocolate 


Brown 


Deep brown 
Bluish black 
Bluisb green 
Deep bluish black 
Chocolate 


Blackish brown 





%FeO in the 
fired mass, 


0.096 
0.140 
0.170 
0.460 
0.240 


0.203 


0.170 
0.360 


0.420 


0.306 
0.840 
0.970 
1.001 
0.960 
0.840 


0.§10 
0.950 
1.970 
1.210 
1.030 


1.005 


Slow cooling was made in every case. Heating and cooling entailed 90 hours in a 


note hb beer nat 
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Taste XXX 


Sodium China clay, containing varying proportions of ferric nitrate. 


Temp. =1350°. 


Proportion Total iron as Fe,O; in 
of 
nitrate. Raw mix. Fired clay. 
1% 0.89% 0.85% 
0.86 
0.86 
2% 119 1.03 
1.04 
1.05 
4% 1.79 1.65 
1 66 
1.66 
5% 2.04 1.85 
1.86 
1.86 


Slow cooling was made in every case. Heating and cooling entailed 90 hours in 


a down draught kiln. 


Atmosphere 


exposed. 


Duration = 34 hours. 


Fired colour. 


Cream 
Light khaki 
Do 


Greenish grey 
Light greenish tint 
Khaki cream 


Light brown 
Yellowish brown 
Do 


Greenish brown 
Light chocolate 
Pale brown 


Brown 
Yellowish green 
Do 


Deep chocolate 
Deep brown 
Do 


Deep brown 
Dark chocolate 
Do 


Deep black 
Brown mass, sinters 
Deep brown, sinters 


TABLE XXXI 


FeO in the fired 


mass. 


0.070% 
0.180 
0.260 
0.630 
0.420 
0.360 


0.164 
0.244 

0.280 
0.960 
0.720 
0.630 


0 280 
0.460 
0.501 
1.380 
1.260 
1.180 


0.490 
0.670 
0.720 
1.740 
1.66 
1.60 


Sodium China clay, impregnated with different proportions of magnetite. 


PanyneP Total iron as Fe,Q; in 
aumdite. Raw mix. Fired clay. 
2% 2.57% 2.40% 

2.41 
2.42 
4% 4.56 4.403 


4.41 
42 


Atmosphere 
exposed. 


Air 
Ng 
CO, 
co 
C.G. 
K.G,. 


Air 
N 
cé, 
co 


C.G. 





Fired colour. 


Yellow cream 
Yellowish brown 
Do 


Deep brown 
Light chocolate 
Deep brown 


Deep brown, sinters 
Deep Pleckish brown, sinters 


Deep black. more sintering 
Dark brown, sinters 
Deep brown, sinters 





TeO in the fired 


mass. 


0.362% 
0.880 
0.810 
2.090 
1.420 
1.670 


@.680 
1.640 
“4 
3.920 


2.840 
3.010 
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Table XXXII shows the actual yield of ferrous iron in a mixture of sodium clay 
and ferric compounds. Samples in the form of balls were withdrawn and chilled 
suddenly. In each case the heating was done in air. 


TABLE XXXII 


Sodium China-clay with varying proportions of ferric compounds. 
Temp. =900°-g10° 


Compound Proportion. Iron as Fe,O; in Iron in the fired mass as 
mixed. the raw mix. 
Fe,03. FeO. 
Ferric 1% T.19% 0.24% 0.82% 
silicate 2 1.90 0.68 1.08 
4 3.003 0.93 1.82 
3.67 1.44 1.96 
Ferric I 0.89 0.17 0.61 
nitrate 2 1.19 0.41 0.67 
4 1.79 0.66 1.001 
5 2.04 0.80 1.10 
Ferrous I 1.10 0.17 0.80 
oxalate 2 1.56 0.48 0 94 
4 2.57 0.83 1.51 
5 3.00 1.22 1 58 


From what have been studied so far, it can now be claimed that our views relating 
to reduction mechanism of ferric iron and its influence on the tone of fired colour of 
clays, have been fully established. A comparative study of the effect of hydrogen and 
other clays on the progress of reduction of ferric iron or of its compounds, either 
intrinsic or impregnated, or both, will form the subject matter of a future communication. 


CONCLUSION 


1. Previously, the mechanism of ferric iron reduction, in clays, appears to have 
been studied inadequately. 

2. ..The colouring effect of iron in clays must be due to the combined influence 
of iron and its compounds in all three of the known states of oxidation. 

3. -A purely oxidising atmosphere is even ineffective in favouring complete re- 
oxidation of the ferrous iron or its silicates, although the process of cooling may be 
a very slow one. At least a part of the totai ferrous oxide is seldom re-oxidised, as this 
probably exists as such for only a few moments ; it combines almost immediately with 
any adjacent silica or clay, forming corresponding silicates. 

4. /The ions that are loosely attached to the broken corners and edges of all 
clays also act as reducing agents towards ferric oxide. This reduction by the ions 
can also take place at temperatures between 900° and 910°. ‘This important phenomenon 
was not brought to light by the ceramists previously. 
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5. Ferric compounds are also susceptible to reduction by the adsorbed ions. 

6. The ease with which the intrinsic iron in clays undergoes reduction by 
adsorbed ions is not noticed in those cases where the iron compounds have been arti- 
fivially impregnated. 

7. Clays possessing very little power of base exchange are allied to the kaolins 
and they are chiefly desired for ceramic purposes, in preference to those containing 
adsorbed bases. The latter type of clays are found to be less refractory, owing to the 
fluxing effect of the adsorbed bases. From our findings with Na-clay, we are of the 
opinion that this adsorbed ions exert three-fold influences, each being interdependent. 
Firstly, the Na ion forms Na,O by reducing ferric oxide. Secondly, the Na,O then 
reacts with silica, yielding fusible silicates. ‘hirdly, the reduced iron itself acts as 
a flux as it readily combines with silica or clay forming slags. 


8. The enhanced reduction at elevated temperature is due to dissociation and 
rapid rate of reduction by the adsorbed ions because of the fact that with rise of 
temperature the rate of diffusion of ions increases. This ensures the possibility of 
encountering a larger number of ferric oxides by the ions. 


DEPARTMENT OF CHEMISTRY, Furts & METALLURGY, 
INDIAN ScHooL, OF Mines & AppLizD GEOLOGY, 
DHANBAD 
AND 
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GGVERNMENT OF WEST BENGAL, Received March 12, 1951 
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REFRACTIVE INDEX OF SUBSTANCES. PART I.. VALUE 
OF n> BY EXTRAPOLATION 


By SHIAM SUNDER JOSHI AND Gopart Das Tui 


The refractive index of 12 halogen and halogen-nitroaromatic compounds has been determined at 
different ‘temperatures. The temperature coefficient for this type of compounds is found out to be 
0.00045. It is suggested that from the value of refractive index at any temperature and a knowledge 
of this temperature coefficient, the value at 20°, of sufficient accuracy, can be calculated by extra- 


polation. 


For determining the value of Refrachor, a physical constant, recently suggested 
(Joshi and Tuli, J. Chem. Soc., 1951, 837) it is necessary to know the refractive index 
of a substance at 20°. Compounds which are solid at this temperature naturally pre- 
sent difficulties and the values in their cases have to be arrived at by some indirect 
method. 

According to the methods suggested so far, the value may be obtained from the 
refractivity expressions of Lorentz-Lorenz, Gladstone-Dale, Eykeman etc. or from 
solutions. The values for 20° calculated from the different refractivity expressions are 
not satisfactory and vary perceptibly when calculated from readings taken at wide ranges 
of temperature (Falk, Z. physikal. Chem., 1913, 82, 504; Eisenlohr, Ber., 1921, 54, 2857). 
The various solution formulae suggested give divergent results and require further 
investigation. 

As the temperature coefficient of refractive index ‘dn/dt 
pounds is more or less constant, it should be possible to extrapolate the value at 20 
from the experimental values in the fused state and a knowledge of dn/ dt. 

In the case of aromatic hydrocarbons the temperature coefficient of refractive index, 
determined by Auwers and Kolligs (Ber., 1921, 55, 21), is of the order 0.00045. 
We have determined the refractive index at different temperatures of a few liquid 
aromatic halogen compounds and also of some fused nitro-halogen derivatives of benzene 
and find that in case of all the substances examined, the value dn/dt is on the average 
The results of our observations are given in the table below. 


for each class of com- 


0.00045 . 
- Tare I 
o-Dichlorobenzene. o-Chlorotoluene. 

Temp. Observed Diff. for Temp Observed Diff. for 
Np. 10° rise. Np. 10° rise. 

20° 1.5505 ins 20° 1.5267 
30° 1.5461 0.0044 30° 1.5220 0.0047 
40° 1.5416 0.0045 40° 1.5174 0.0046 
50° 1.5370 0.0046 50° 1.5128 0.0046 
60° 1.5324 0.0046 65° 1.5055 0.0048 


° 1.5278 0.0046 70 1.5030 0.0049 














REFRACTIVE 


INDEX OF 


TABLE I (contd.) 


Temp. Observed Diff. for 


55° 
60 
65° 








Np. I 


m-Dichlorobenzene. 
1.5464 
1.5420 
1.5399 
1.5377 
1.5356 
1.5333 
I 5311 
I 5289 
I 5265 
1.5240 


1:2 :4-Trichlorobenzene. 


1.5714 
1.5669 
1.5625 
1.5582 
1.5561 
1.5537 
1.5515 
1.5492 
1.5468 
1.5446 


o-Chloronitrobenzene (m. p. 32° 


1.5673 
1.5651 
1.5627 
1.5605 
1.5581 
1.5559 
1.5536 


1.5924 
1.5902 
1.5881 
1.5857 
1.5833 
1.5810 
1.5786 
1.5763 


o° tise. 


0 0044 


0.0043 
0.0043 
0.0044 
0.0045 
0.0044 
0.0046 
0.0049 


0.0045 
0.0044 
0.0043 


0.0045 
0.0046 
0.0045 
0.0047 
0.0046 


)e 


0.0047 
0.0046 
0 0045 
©.0045 
0.0046 


1 :4-Dichloro-2-nitrobenzene (m. p. 54°) 


0.0046 
0.0046 
0.0046 
0.0046 
0.0045 


1-Chloro-2 :4-dinitrobenzene (m. p. 54°) 


0.0043 
0.0045 
0.0048 
0.0047 
0.0047 
0.0047 


Temp. 


»° 


5 


mu 


N 


° 
° 
° 
° 
70 


° 


75 
80° 


85° 


SUBSTANCES 


Observed 
Np. 


m-Chlorotoluene 
1.5224 
1.5179 
1.5135 
1.5099 
1.5003 
I 5041 
1.5015 
1.4992 
1.4068 


p-Chlorotoluene. 


1.5209 
1.5165 
1.5122 
t.5078 
1.5031 
1.4984 
1.4939 


m-Chloronitrobenzene (m. 


1.5560 
1 5538 
I 5515 
1.5493 
1.5469 
1.5446 
1.5421 
1.5397 


45) 





Diff; for 


10° rise 


0.0045 
0.0044 
0.6045 


0.0049 
0.0048 
0.0049 
0.0047 


0.0044 
0.0043 
0.0044 
0.0047 
0.0047 
0.0048 


Pp. 44°). 


Oo 0045 
0.0045 
o 0046 
0.0047 
0.0048 
0.0049 


1-Chloro-4-bromo-2-nitrobenzene (m. p. 66°), 


4 


° 
65° 
° 


79 
5. 
85 


.5599 
.5877 
5854 
.5830 

5807 
-5784 


~~ wwe oe 


:2-Dichloro-4 :6-dinitrobenzene (m. p 


os 


mana 
oO 

nn 

w 


me 

Ont tr G 
SEP LS 
awn 
“INN ® 


3 


0.0045 
0.0047 
0.0047 
0.0046 


0.0045 
0.0048 
0.0046 
0.0045 
0.0046 


From a knowledge of the variation of refractive index per degree, we calculated 
by extrapolation the value of n> from the observed values at higher temperature and 
found in the case of all the liquids a very close agreement between the calculated and the 
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observed values. As the extrapolated values for refractive index in case of liquids agree 
with the observed values, in our opinion, the values for solids at 20°, obtained by extra- 
poiation from the experimental values in the fused state, can also be presumed to be 
correct. This assumption is borne out by the direct observations made in case of 
1-chloro-2:4-dinitrobenzene and o-chloronitrobenzene when the observed values at 20°, 
{which could be taken due to supercooling ' were found to be in close agreement with 
the extrapolated values. 
The following values for n> have thus been derived: 


r-Chloro-2:4-dinitrobenzene eee ws 1.6037 
1:2-Dichloro-4:6-dinitrobenzene _ one 1.6103 
1:4-Dichloro-2-nitrobenzene ae eee 1.5837 
1-Chloro-4-bromo-2-nitrobenzene owe at 1.6085 
o-Chloronitrobenzene wha oe 1.5718 
m-Chloronitrobenzene ove eee 1.5605 


The authors thankDr. K. S. Krishnan for discussion of the above procedure. 
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MUTUAL COAGULATION OF COLLOIDAL SOLUTIONS:. INTERACTION 
BETWEEN COLLOIDAL ANTIMONY SULPHIDE AND COLLOIDAL 
FERRIC HYDROXIDE AND THE EQUILIBRIUM DIALYSATE 
OF COLLOIDAL FERRIC HYDROXIDE 


By P. M. Barve anp A. K. JAMBOTKAR 


Ry a modified process of dialysis, colloidal ferric hydroxide and its “equilibrium dialysate’’ of 
nearly the same ionic environments have been compared for their powers as coagulating agents. It 
is found that in mutuai coagulation the colloidal ferric hydroxide particles play a very important part, 
and in fact, they may be taken to act as polyvaient cations. 


Dialysis of a colloidal solution of ferric hydroxide has been a subject of numerous 
investigations. Ferric hydroxide sol, when prepared by the hydrolysis of ferric 
chloride at an elevated temperature, contains ferric chloride, which has remained un- 
hydrolysed, and hydrochloric acid formed as a result of hydrolysis. Changes in the 
composition of the intermicellary liquid are brought about when the colloidal solution 
is submitted to dialysis. These changes create a marked effect on the properties of the 
colloidal solution as a whole. Desai and Barve (Trans. Nat. Inst. Sci. India, 1939, 2 39) 
have fully dealt with the changes brought about by dialysis in the case of ferric hydroxide. 
They have shown therein that the cataphoretic speed of the colloidal particles increases, 
reaches a maximum, and then decreases; the conductivity, however, decreases continually, 
and the stability, as determined by flocculation values with electrolytes, also decreases 
continually with progress of dialysis. Desai and Borkar (Trans. Faraday Soc., 1933, 
29, 1269}, Dhar and collaborators (J. Phys. Chem., 1920, 26, 700) and Mukherjee 
and co-workers (this Journal, 1931, 8, 373; 1933, 10, 27) have supported the conclusions 
reached by Desai and Barve (loc. cit.). 

Among the investigations of the properties of colloidal ferric hydroxide with 
progressive dialysis, the study of its power to coagulate mutually another colloid, namely 
antimony sulphide, was specially undertaken. The properties of antimony sulphide 
remained unchanged as it was not submitted to dialysis or any other treatment. It 
was prepared by dropping slowly a 0.5% solution of tartar emetic in water, saturated 
with hydrogen sulphide through which H,S gas was slowly bubbled, the excess of the 
gas being driven out by passing hydrogen through the sol so formed. 

In case of colloidal ferric hydroxide, the coagulating power is made up of the 
effect of the pure colloid and the electrolytes present in the intermicellary liquid. The 
process of dialysis ‘‘purifies’’ the colloid, and hence in the later period of dialysis, the 
coagulating power is more and more due to the collcid and less and less due to the 
intermicellary liquid. 


EXPERIMENTAL 


To ascertain the coagulating effect of the pure colloid alone, the following modified 
process of dialysis was adopted. 


6—1777P—8 
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A colloidal ferric hydroxide solution was placed in a parchment paper bag and suspen- 
ded in conductivity water. The water outside the bag, in which the electrolytes of the 
intermicellary liquid diffused, became the dialysate and went on increasing in its conduc- 
tivity till it reached a maximum value at which it remained stationary. This means that 
an equilibrium has reached between the colloid and the dialysate as regards the diffusion 
of the electrolytes in the intermicellary liquid. Usually this condition was attained within 
48 to 72 hours. At this stage the dialysate was removed, as also a part of the colloid for 
quantitative analysis. The dialysate was then entirely replaced by conductivity water 
and the process repeated as indicated above for every stage of dialysis. This dialysate 
is termed the ‘‘equilibrium dialysate’. 

In the process of dialysis, the dialysing membrane allows a free passage to the 
electrolytes present in the intermicellary liquid, but not to the colloid particles. By 
adopting the process of dialysis, as stated above, the distribution of the electrolytes 
between the colloid and the dialysate at equilibrium is governed by the Donnan equili- 
brium. On analysis of the colloid and the dialysate Mukherjee and _ co-workers 
(loc. cit.) have shown that the ultrafiltrate is poorer in chloride ions but richer in hydrogen 
ions and of a higher specific conductivity than that of the residual sol. 

The coagulating power of the colloidal solution and of the ‘‘equilibrium dialysate’ 
was measured by finding out the volume of the respective solutions required for the 
c.c. of the antimony sulphide sol (the total volume of the mixture 
The flocculation of this negatively charged antimony 


coagulation of 2 
being kept constant at Io c.c.). 
sulphide sol by the colloidal ferric hydroxide, dialysed to different extents, isa case of 
mutual coagulation, whereas the coagulation of the same antimony sulphide sol by the 
“equilibrium dialysate’ isa case of simple electrolytic coagulation brought about by 
the positive ions of the electrolyte present in the “equilibrium dialysate’. Mutual 
coagulation, as stated by Weiser and Chapman (J. Phys. Chem., 1931, 35, 543, 1032, 36, 
714), is governed by (1) electrical neutralisation of the charge, (2) mutual adsorption of 
the colloidal particles, (3) interaction between stabilising ions and (4) presence of the 
excess of free electrolytes in the sol. 

The various results obtained by adopting the above process of dialysis gave a better 


insight into the mechanism of mutual coagulation. 


TABLE I 


Conductivity. 


Stage of Days from Sp. conductance 

dialvsis. the start. Colloid. Eq. dialysate. 
I Oo 37.80 x 1073 = 
2 5 17-30 17.39* 1673 
3 10 10.00 10.00 I 
4 13 7.20 7.20 
5 16 4.95 4.65 
6 19 3-33 2.91 
7 21 2.70 2.20 
8 26 2.65 2.10 
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"TABLE II 


Free iron and chloride content. 


Stage of Free iron content Chloride content 
dialvsis. Colloid Kiq. dialysate Colloid Eq. dialysate 
1 4.20 g./litre be 9.55 g. litre a 
2 2.24 1.12 g. ‘litre 4 40 3.59 g./litre 
3 84 0.78 2.20 1.32 
} v.30 34 1.42 0.G0 
5 0.104 O12 0.99 v.40 
6 O.075 0.06 0.100 0.099 
= O.OI1! 0.008 0.030 0.027 
8 . coe 0.020 0.010 
TABLE III 
Stage of Charge on colloid Coagulation values 
dialvsis. particles Colloid Eq. dialvsate 
I 27.0% Sem volt ‘cm. ‘sec 0.20 ¢ ¢ 
2 jo.1 0.40 0.55 c.c 
3 55-3 $5 075 
4 75 0-75 1.55 
5 52.5 0.5§ 5 90 
6 §1.5 1.15 ens 
7 42.1 125 
Ps) 30.1 1.45 


DiscussION 


The dialysis has been carried out in eight stages covering 26 days. 

The conductivity (Table I, Fig. 1), it will be observed, decreases continually in both 
the cases. ‘he conductivity of the colloid, however, does not differ much from that 
of the ‘‘equilibrium dialysate’. 

The free iron content of the colloid and that of the ‘equilibrium dialysate’’ are 
given in Table II and Fig 2. It will be observed that the concentration of the free iron in 
both of them is very nearly equal, showing thereby that the ionic environment of both 
the colloid and the ‘‘equilibrium dialysate’’, as far as the ferric ions are concerned, is 
nearly the same. 

Along with the iron content, the chloride content of the colloid and the “‘equili- 
brium dialysate’ is given in Table II. It is clear, that though the chloride ion concen- 
tration in the colloid is considerably higher than that of the “‘equilibrium dialysate’, 
particularly in the earlier stages of dialysis, both of them tend to zero. This may be 
due to the adsorption of the chloride ions on the outer surface of the electrical double 
layer. 

The cataphoretic speed of the colloidal particles increases, reaches a maximum in 
the fifth stage {16 days) and then decreases, with progress of dialysis. ‘This supports 
the observations of Desai and Barve (loc. cit.). 

‘The values obtained for the mutual coagulation of 2 c.c. of the negatively charged 
antimony sulphide so!, by the colloidal ferric hydroxide and those obtained for the coagu- 
lation of an equal amount of the same antimony sulphide sol by the “‘equilibrium 
dialysate’ are given in Table ill. In the case of the coagulation of the antimony sulphide 
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Conductance of colloidal F (OH); and eq. dialysate. 
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Stages of equilibrium. 
by the “equilibrium dialysate’’, it will be observed that the coagulation values can be 
obtained up to the fifth stage {16 days) of dialysis only. After this period the coagulating 
power of the ‘‘equilibrium dialysate’’ is incapable of coagulating the sol. ‘his clearly 
shows thit the concentration of the electrolytes in the “equilibrium dialysate’’ 
progressively decreases to such a low value that it cannot coagulate the antimony 
sulphide sol at all. 

The values obtained for the mutual coagulation of the antimony sulphide sol by 
the colloidal ferric hydroxide go on increasing gradually with its progressive dialysis 
and no maximum is observed. It may be observed that during this period of dialysis 
the cataphoretic speed increases, reaches a maximum and then decreases. In the present 
investigation, allowing for a slight variation in the distribution of the electrolytes between 
the colloid and the “equilibrium dialysate’ due to the influence of the Donnan equilibrium, 
one can estimate, virtually, the effect of the intermicellary liquid alone and the effect 
of the same along with the pure colloid particles that are present in the sol. By subtrac- 
ting one effect from the other, one can get a fairly good idea of the individual coagulating 
effect of the pure colloidal particles 

As has been wentioned in the introduction, in mutual coagulation any one of the 
factors or all of them may work simultaneous!y. The interaction of stabilising ions 
does not arise here as both the colloids, ferric hycroxide and antimony sulphide, are 
acidic. The coagulation of the antimony sulphide by the “‘equilibrium dialysate’ is 
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FIG. 2. 


Total Fe*** and Cl’ in the colloid and eq. dialysate. 
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Stages of equilibrium. 
a case of simple coagulation by electrolytes. As antimony sulphide sol is negatively 
charged, only the positively charged ions, like the ferric ions, will be effective in coagula- 
tion. The concentration of the ferric ions in the colloidal solution and the “equilibrium 
dialysate’’ is nearly the same. If only the ferric ions were responsible for coagulation, 
the values obtained with both of them ought to have been almost the same. The 
colloidal particles are, however, acting as coagulating ions. Hence, in the case of the 
colloid, the coagulating power is the combined effect of the ferric ioms and the colloidal 
particles. As the dialysis proceeds, the effect of the ferric ions continually diminishes. 
The individual effect of the ferric ions alone may be taken to be equal to the effect 
of the “‘equilibrium dialysate’ as the concentration of the ferric ions in both of them 
is nearly the same. As the ‘“‘equilibrium dialysate’, obtained after the fifth stage of 
dialysis, ceases to coagulate the antimony sulphide sol, the values obtained for the 
colloid after this period may be taken to be the effect of the colloid particles alone. As 
the size of the colloid particles, as compared with the ferric chloride molecules, is very 
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FIG. 3 
Coagulation value of the colloid of dialysate and cat. speed of colloid. 
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Stages of equilibrium. 

large, numerous ferric chloride molecules must have undergone hydrolysis to build the 
colloidai ferric hydroxide particle. The number of colloid particles so formed will 
naturally be extremely sma!l in comparison with the number of ferric ions which are 
used up. In spite of small number, colloidal ferric hydroxide particles are highly 
effective in coagulation. They might therefore be functioning as multivalent coagulating 
ions with a valency many times more than three. It should, however, be remembered 
that the process of mutual coagulation is necessarily much more complicated and it is 
assumed only for the sake of simplicity, that the effect of the colloid and the intermicell 
ary liquid is purely additive. 

After the fifth stage of dialysis, it is found that the charge on the colloid decreases 
and the amount of the colloidal solution required for coagulating the same amount of 
the antimony sulphide sol increases. This is what one would expect on theoretical 
grounds, as both the charge and the concentration of the ferric ions are decreasing. 
The constitution of the antimony ,ulphide sol remains unchanged as it is not subjected 
to dialysis, and hence, the effect of the antimony sulphide sol on the colloidal ferric 
hydroxide may be taken to be constant. It should, however, be emphasized that the 
process of coagulation being not so simple, the difference between the two values is not 
necessarily an exact indication of the effect of colloidal particles alone. It is quite 
sufficent though to give one a clear idea about the influence of colloidal ferric 


hydroxide particles in mutuai coagulation. 
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SYNTHESES IN THE ACRIDINE SERIES. PART VII*. N-SUBSTITUTED 
3-METHOXY-7-CHLORO-9-AMINOACRIDINES 


By GURBAKHSH SINGH, SuRJIT SINGH, APAR SINGH AND MAHAN SINGH 


FKighteen N-substituted 3-methoxy-7-chloro-9-aminoacridines have been synthesised in order to 


study their antimalarial properties. 


In continuation with the work on the synthesis of o-dialkylamino-alkylamino- 
acridines, carrying a methoxyl group and a chiorine atom on either nuclei, we have 
now prepared a number of 3-methoxy-7-chloro-g-‘dialkylamino-alky!)aminoacridines 
It is interesting to note that the relative position of the chlorine atom and the methoxyl 


group in these compounds is the same as in the atebrin molecule. 


The parent 3-methoxy-7 : 9 dichloroacridine (VI) was obtained by the treatment 
of 4'-chlorodiphenylamine-5-methoxy-2-carboxylic acid (III) with excess phosphoryl 
chloride. This diphenylamine acid (IIT) in turn could be obtained by either of the 
two methods: (a) The Uilman condensation between 2-chloro-4-methoxybenzoic acid 
and p-chloroaniline or (b) the Jaminson and Turner (J. Chem. Soc., 1937, 1954) extension 
of the Chapman rearrangement (ibid., 1920, 560) of properly substituted benziminopheny! 
ether to the diphenylamine derivative. 

?, -O-C=N.9, o,-N-9, 
— 
Ph COPh 


Thus, methyl 4 methoxysalicylate on condensation with N-p-chlorophenyl- 
benzimino chloride (obtained by the treatment of f-chlorobenzanilide with phosphorus 
pentachloride) gave N-p-chlorophenylbenzimino-5’-methoxy-2°-carbomethoxypheny] 
ether (I), When (I) was heated at 270° an exothermic reaction took place and 
methyl N-benzoyl-4'-chloro-5-methoxydiphenylamine-2-carboxylate (II) was obtained 
in 80% yield. Partial hydrolysis of (11) with one equivalent of aqueous alcoholic 
potassium hydroxide gave N-benzoyl-4’-chloro 5.methoxydiphenylamine-2-carboxylic 
acid (IV), while treatment with excess of alkali resulted in the formation of the 
required 4’-chlorodiphenylamine-5-methoxy-2-carboxylic acid (III). This _ latter 
method for the preparation of (Til) is to be very much preferred to the Ullman synthesis 
as it involves the use of the readily accessible methyi 4-methoxysalicylate as compared 
to the more difficultly obtainable 2-chloro-4-methoxybenzoic acid used in the Ullman 
condensation. When the partially hydrolysed compound (IV) was heated to 270°, 
3-methoxy-7-chloroacridone ‘V) was obtained with the elimination of benzoic acid. 
Similarly when either of the compounds ‘I) or (II) was heated to 320°, elements of methyl 
benzoate were lost and 3-methoxy-7-chioroacridone (V) could be isolated. This on 


*For Part VI of this series reference should be made to this Journal, 1948, 25, 227. 
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reaction with excess of phosphoryl chloride was converted into 3-methoxy-7 :9- 
dichloroacridine (VI;. The various reactions are summarised as above. 

The Chapman rearrangement very probably consists in the nucleophilic displacement 
by the pair of electrons of the nitrogen atom on the carbon atom of the benzene ring 
attached to the oxygen atom, resulting in the attachment of the phenyl group to the 
nitrogen atom and rupture of the sstinaianeadin linkage as shown below. 


I Me Ce | | 
—_—_> | ~ 
J ar ss 
My C.H; N 
~ | 
COPh 


Such a view is in accord with the observation of Chapman ‘loc. cit.) according to which 
the rearrangement 1s facilitated when the benzene ring attached to the nitrogen atom 
carries electropositive substituents like methoxyl group etc. in the orlho or para 
position to the nitrogen atom and the pheny) ether portion of the molecule carries 
electronegative substituents like nitro group etc. in the ortho or para position to 
the oxygen atom. ‘Ihe former results in the increased electron density at the nitrogen 
atom, while the latter gives rise to an electron deficient center at the site of attack. 
Both these effects make it possible for the rearrangement to be carried at a compara- 


tively low temperature. 
EXPERIMENTAL 


Methyl 4-methoxysalicylate was obtained by the methylation of 6-resorcylic acid, 
which was prepared according to the directions given in the ““Organic Synthesis’’ 
(Vol. X, p.94). Gomberg and Johnson (J. Amer. Chem. Soc., 1917, 89, 1687) claim 
to have prepared ethyl 4-methoxysalicylate by esterification of 4-methoxysalicylic 
acid by the use of dry hydrogen chloride in absolute alcohol. This observation, however, 
could not be repeated and 4-methoxysalicylic acid separated out almost completely 
from ethyl alcohol or methyl alcohol saturated with hydrogen chloride. When 
concentrated sulphuric acid was used in place of dry hydrogen chloride and the 
reaction mixture was refluxed for about 4 hours, a 30% yield of the ester was 
obtained. 

When 4-methoxysalicylic acid was treated with thionyl chloride in absolute 
benzene and the resultant acid chloride was further reacted with absolute methyl 
alcohol, 33% yield of the ester was obtained. This procedure was, however, complica- 
ted by the formation of considerable amount of a polymer in the reaction. After 
considerable experience treatment of §-resorcylic acid in alkaline solution with excess 
of dimethyl sulphate was found to give very satisfactory results and led to the formation 
of the desired methyl 4-methoxysalicylate directly without the isolation of the 
intermediate 4-methoxysalicylic acid. (-Resorcylic acid ‘77 g.) was dissolved in 
320 c.c. of water containing 40 g. of sodium hydroxide. Freshly distilled dimethyl 
sulphate (240 c.c.) was added and the mixture shaken vigorously for one hour. 
About 50 g. of sodium bicarbonate was added and the reaction mixture set aside 


7—1777P—8 
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for 24 hours. It was ensured that the reaction mixture was alkaline. The ester which 
separated as a heavy brown oil was removed by extraction with chloroform. After 
distilling off the solvent, the ester was distilled in vacuum, b. p. 134°/7 mm., yield 
80%. On seeding, the entire product set to a white crystalline mass. It has a 
very characteristic odour of oil of ahisc. 

N-p-Chlorophenylbenzimino-5’-methoxy-2'-carbomethoxyphenyl Ether (I).—Clean 
sodium metal (5 g., 0.217 mol.) was dissolved im 250 c.c. of absolute alcohol, 
To the cooled solution, methyl 4-methoxysalicylate (go g., 0.217 mol.) was added 
rapidly, followed immediatcly by a solution of N-p-chiorophenylbenzimino chloride 
(50 g., 0.197 mol.) dissolved in about 100 c.c. of dry ether. There was a considerable 
generation of heat and the reaction mixture became cloudy at once. It was vigorously 
shaken for afew minutes and then allowed to stand overnight. During this time, 
considerable quantity of N-p-chlorophenybenzimino-3’-methoxy-2’-carbomethoxypheny! 
ether had crystallised out. A greater portion of the solvent was distilled off and 
the residue diluted with water. The precipitated mass was filtered off and recrys- 
tallised from ethanol as white prisins, m.p. 125-26°, yield 83%. (Found: N, 3.64. 
C.2H,,0,NCI requires N, 3-54 per cent). 

The corresponding carboethoxy derivative was obtained similarly by using ethyl 
4-methoxysalicylate and was crystallised from absolute alcohol as_ white prisms, 
m.p. 104-105°. 

Methyl N-Benzoyl-4’-chloro-5-methoxydiphenylamine-2'-carboxylate (1I).—N-p- 
Chlorophenylbenzimino-5'-methoxy-2’-carbomethoxyphenyl ether {20 g.) was heated 
in a wide-mouthed pyrex tube to 270°, at which temperature the isomerisation began 
and the temperature rapidly rose to 310°. When the temperature began to fall héating 
was discontinued. On cooling, the product solidified to a glassy mass. After three 
crystallisations from absolute alcohol, it was obtained as white glistening clusters, 
m.p. 119-21°, yield 80%. (Found: N, 3.60. C..H,,0, NCI requires N, 3.54 per cent). 
For the subsequent step, the crude product could be used without purification. 

4’-Chlorodiphenylamine-5-methoxy-2-carboxylic Acid (III).—Methyl-N-benzoyl- 
4'-chloro-5-methoxydiphenylamine-2-carboxylate {20 g.) was dissolved in about 250 c.c. 
of 95% ethyl alcohol and more than 4 equivalents of sodium hydroxide (10 g.), 
dissolved in about 40 c.c. of water, was added to this solution. The mixture was heated 
under a gentle reflux and a clear soiution resulted after about 30 miuutes. Refluxing 
was continued for another 2 hours. The reaction mixture was diluted with 300 
c.c. of water, and alcohol was distilled off. ‘Ihe residue on acidification with 
hydrochloric acid gave a mixture of benzoic acid and 4’-chlorodiphenylamine-5- 
This was filtered off and benzoic acid was removed by 
washing with hot water. The diphenylamine acid was crystallised from 95% alcohol 
as pale needles, m.p. 181-82°, yield 77%. ‘Found: N, 5.10. C,,H,,0,;NCl requires 
N, 5.04 per cent). The same acid was also obtained in 30-40% yield by the Ullman 


methoxy-2-carboxylic acid. 


condensation of 2-chloro-4-methoxybenzoic acid and -chloroaniline by the procedure 


described in earlier papers. 
4'-Chlorodiphenylamine-5-methoxy-2-carboxyl chloride was prepared in the 


usual way by the treatment of the diphenylamine acid with phosphorus pentachloride 





a 
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im absolute petroleum ether. It was crystallised from light petroleum ether as yellow 
needles.. (Found: N, 4.62. C,,H,.U, NCI, requires N, 4.74 per cent). ‘he product 
was found to explode with evolution of hydrogen chloride at 118° and got converted 
into the acridone which did not meit up to 300°. Drozdov (J. Gen. Chem. U.S.S.R., 
1935, 8, 937) also observed that some diphenylamine acid chlorides, when heated 
at temperatures above their melting points, were transformed into acridones. 

3-Methoxy-7 : g-dichloroacridine ‘V1} was obtained by the treatment of 
4’ -chlorodiphenylamine-5-methoxy-2-carboxylic acid with excess of phosphoryl chloride. 
It was crystallised from absolute benzene as yellow needles, m.p. 194-95°, yield 80%. 
(Found: N, 5.15. C,,H,ONCI, requires N, 5.03 per cent). 

N-Benzoyl-4' chloro-5-methoxydiphenylamine-2-carboxylic Acid.—Sodium metal 
(1.25 g.) was dissolved in 200 c.c. of 97% ethanol and methyl N-benzoy!l-q’- 
chloro-5-methoxy-2-carboxylate (1 equiv., 21 g.) was added to the solution. The 
mixture was refluxed for about 2 hours ; 300 c-c. of water was added and the alcohol 
was distilled off. The solution on acidification with hydrochloric acid gave an oil 
which solidified after trituration. ‘This was filtered and extracted with dilute sodium 
bicarbonate solution and filtered free of any insoluble impurities. The sodium salt 
was cautiously neutralised with hydrochloric acid and the white precipitated mass was 
collected. After drying it was crystallised from benzene. A second crystallisation 
from a mixture of acetoue-petroleum ether (b.p. 40°-60°) gave the acid in white needles, 
m.p. 104-106°. (Found: N, 3.84. C,,H,.0,NCl requires N, 3.77 per cent). 

3-Methoxy-7-chloroacridone (V) was obtained according to the following three 
methods : 

(a) Hydrolysis of 3-methoxy-7: 9-dichloroacridine by refluxing with 5% hydro- 
chloric acid for about 4 hours. 

(b) N-benzoyl-4’-chloro-5-nethoxydiphenylamine-2-carboxylic acid was heated 
at 270° for five minutes when benzoic acid sublimed off. The product was washed 
with boiling water to remove benzoic acid and the residual acridome was crystallised 
from glacial acetic acid as a white mass which did not melt till 310°. 

(c) By heating methyl N-benzoy!.4’-chloro-5-methoxydiphenylamine-2-carboxylate 
(or) N-p-chlorophenylbenzimino-5-methoxy-2-carbomethoxyphenyl ether at 320° for 5 
minutes, when methyl benzoate distilled off. Steam was passed into the residual mass in 
order to remove the last traces of methyl benzoate. Acridone was filtered off and 
crystallised from glacial ace.ic acid. ‘Found: N, 5.23. Ci,H,wO,NCi requires N, 
5.39 per cent). 

3-Methoxy-7-chloroacridone on treatment with excess of phosphory! chloride 
in the usual way gave 3-metioxy-7:9-dichloroacridine (VI). 

3-Methoxy-7-chloro-g - (dialkylamino - alkyl)aminoacridines.—The condensation of 
3-methoxy-7:9-dichloroacridine with various amines was carried out in phenol according 
to the conditions described in earlier papers. The condensation products in some 
cases were separated trom any acridone, also formed by hydrolysis, by dissolution in 
dilute acetic acid. The condensation products, thus obtained, were characterised cither 
as the free bases, or their hydrochlorides or meconates. The hydrochlorides usually 
crystallised from absolute ethanol or ethanol-ether mixture. The various compounds 
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prepared are listed in Table I below. 3-Methoxy-7-chloro-9-aminoacridine was 
prepared by treatment of 3-methoxy-7 : 9-dichloroacridine with ammonium carbonate 
in phenolic solution and was further condensed with-p-acetylaminobenzenesulphony] 
chloride. 

Tasie [ 


N-Substiiuted-3-methoxy-7-chloro-9-aminoacridines. 


YY 


WM 


MeO N 
9 Substituent-R. M.p. of base, Formula. % Nitrogen. 
hvdrochloride or 
meconate. Cale. Found. 

1. Amino- 248-50° CygHyON,C! 10.83 10.50 

2. Phenylamino- 200-201° CopH),ON2CI 8.37 8.12 

3. 4'-Methoxyphenylamino- 243-44° Co, Hy7O2NeCl.HCl 6.98 6.84 

4. Carboxymethyiamino- 240-41° CysHy303N2Cl 8 84 9.06 

5. 4'-Acetylaminopheny!- Above 300°. Co9HjgO4N3CiS 22 9-35 

sulphonylamino- 
6. 4'-Sulphonylamino.- 261-63° Co9H g03N,CiS 10.15 10.20 
phenylamino- 

7. -HN (CHa); N(C:Hs)2 186-87° Co, HON; CI.2HCI 9-44 9.97 

8. -HN (CHo); N(n-propy])2 198-99° CoH yON;Cl.2zHCl 8.88 g.12 

9. -HNiCHg)3 N(n-butyl]), 152-34° Co5HON3Cl.2HCI 8.39 8.45 
10. -HN(CHy»)3 N(n-amyl)*: 248° (d) CyH3gON3Cl 2HCl 7-92 7.73 
11. -HN(CH;); N-Ph 264° (d) CyHyON;CI.2HCl 9.20 9-31 
12. -HN(CHg), N(C.N5)9% 210° CyHyON,Cl.2HCl 9.16 9-34 
13. *HN(CHg)4 N(n-propyl)s 216-17° CosH3e0N;Cl.2HCI 8.72 8.91 
14. -HN(CH»), N(n-buty!)9" 168-69 ° (d) CogH3gON3Cl.2HCl 7.12 5.80 
15. -HN(CHg)s N(isobutyl),* 159° (d) CygHygON;Cl.2HCl 7.12 6.78 
16. -HN(CH))s N(n-amy])2» 112° Cy HyON3Cl.C,HyO;7 6.38 5.46 
17. -HN(CHg), N-Ph 243-45° CygHywON;Cl.2zHCl 8.93 9.25 
18. -HN(CHy,), N(C2 Hy)3 242-24° Co3H»~ON;Cl.2HCl 8.57 8.63 


~ (a) The hydrochloride forms a stable hydrate. Combustion results are given for the anhydrous 


compounds. 
(b) The meconate seemed to forma very stable hydrate which could not be made anhydrous even 


after long drying over phosphorus pentoxide under high vacuum, 
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STUDIES ON THIOSEMICARBAZONES, PARTI 
By U. P. Basu AND SAMIR BANERJEE 


Certain derivatives of p-aminobenzaldehyde-thiosemicarbazone have been prepared and their 
chemical characteristics described. 


Behnisch, Mietzsch and Schmidt, working in collaboration with Domagk, have found 
(Naturwiss., 1946, 33, 315) in p-aminobeuzaldehyde-thiosemicarbazone ‘1; an agent 
active against tubercule bacilli. Acylation leads to a more effective compound (cf. 
Behnisch, Mietzch and Schmidt, Z. angew. Chem., 1948, 60, 113); but the activity is 
found first to increase and then decrease with higher acyl groupings. It is to be fur- 
ther noted that neither the free aldehydo group, nor the free thiosemicarbazide is res- 
ponsible for its chemotherapeutic action. ‘The activity is also not inhibited by the 
presence of p-aminobenzoic acid. The compound may, however, undergo a tautomeric 


change as follows: 


K 
NH,.C,H,.CH=N.NH.C.NH, * 
| R.CH=N.C,H,.CH=N.NH-C.NH;,. 
(I) Ss | 
(IIT) S 
NH,.C,H,.CH= parr pit on 


(II) SH 


The prototropic change involved in the formation of the conjugated system (11) may 
induce an enhanced activity in the compound (cf. Basu, J. Indian Chem. Soc., Ind. & 
News Ed., 1950, 13, 167). The aminobenzaldehyde-thioseimicarbazone by its condensation 
with an aldehyde would form compounds of azomethine structure ‘I11), where the mobility 
of the hydrogen may be further enhanced and thereby lead to the formation of a more 
active compound. As a matter of fact, the observations of Behnisch ef al. (Amer. 
Rev. Tuberc., 1950, 61, 1) tend to indicate in the above direction. On this hypothesis, 
some derivatives of azomethines of the type (III) have been prepared by reacting 
p-aminobenzaldehyde-thiosemicarbazone with benzaldehyde, salicylaldehyde and cinnamic 
aldehyde, and are described in the experimental part of the pape 

The compound, p-aminobenzaldehyde-thiosemicarbazone, also breaks down into the 
body into aminobenzaldehyde and thiosemicarbazide, and gives rise to some toxic 
reactions; prevention of rapid systemic absorption may offer a product of low toxicity. 
For this, the amino grouping in (I) has been acylated with phthalic anhydride under 
conditions recorded in this paper ‘cf.. Basu and Banerjee, Science & Culture, 1951, 16, 
331). The paper is based on a pending patent application. 


ExPERIMENTAL 


p-Benzilidene-aminobenzaldehyde-thiosemicrbazone.— p-Aminobenzaldehyde-thiose- 
micarbazone {2 g.) was refluxed in 25 c.c. rectified spirit with benzaldehyde (1.2 g.) 
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for one hour. ‘The resulting solution on cooling afforded the benzilidene compound. 
It was filtered and washed with alcohol, yield 2.5 g., yellow crystals (from alcohol), m.p. 
181°. (Found: N, 20.05. C,;H,,.N,S requires N, 19.86 percent). The compound in 
alcoholic solution is desulphurised by yellow oxide of mercury on warming and it also 
forms a fine yellow double salt with mercuric chloride. 

p-Salicylidene-aminobenzaldehyde - thiosemicarbazone.—p-Aminobenzaldehyde-thio- 
semicarbazone (2.1 g-) was dissolved in 30¢c.c. alcohol (95%) and refluxed for ten 
minutes with salicylaldehyde ‘1.8 g.). The yellow salicylidene compound obtained was 
crystallised from alcohol in plates, m.p. 207-8°, yield 2.9 g. The compound is sparing- 
ly soluble in alcohol and ac¢tone, fairly soluble in cold dilute alkali, insoluble in cold 
dilute acid but goes in solution on boiling. (Found: N, 18.46. C,;H,,ON,S requires 
N, 18.79 per cent). This compound also readily forms a complex with mercuric chioride 
in alcobolic solution, but is not so susceptible to desulphurisation by mercuric oxide. 

p-Cinnamilidene - aminobenzaldehyde - thiosemicarbazone.—p - Aminobenzaldehyde- 
thiosemicarbazone (2g.) in 30¢.c. rectified spirit was similarly refluxed with 1.5 g. of 
cinnamic aldchyde for 1 hour, when a yellow product was formed, which was isolated 
in the usual way and crystallised from alcohol, m.p. 203°-4°, yield 2.5 g. The 
compound is insoluble in water but moderately soluble in hot alcohol and acetone; it 
dissolves in acids on boiling. ‘Found: N, 18.35. C:;H.isN,S requires N, 18.18 per cent). 
No change was noticed on boiling its alcoholic solution in presence of yellow mercuric 
oxide; but the compound readily formed the complex with mercuric chloride. 

p-Phthalylaminobenzaldehyde-thiosemicarbazone.—p-Aminobenzaldehyde-thiosemi- 
carbazone (2 g.) in 50 c.c. acetone was refluxed with freshly sublimed phthalic anhyd- 
ride (2 g.). The resulting phthalyl] derivative was filtered off and washed with cold 
alcohol and purified by dissolving it in sodium bicarbonate solution (charcoal) and allow- 
ing it to stand for ten minutes and then filtering and precipitating the filtrate with dilute 
acitic acid, m.p. 222-23° ‘decomp.,;, yield 2.2 g. The same reaction might be brought 
about by dissolving the p-aminobenzaldehyde-thiosemicarbazone m chloroform and pyri- 
dine and then adding cautiously a slight excess of phthalyl chloride ib.p. 276°) without 
allowing the temperature torise. The mixture was then heated on a water-bath for some 
time, cooled and diluted with water. The phthalyl derivative was filtered off, washed 
with water and alcohol, m.p. 222-23° (decomp.). (Found: N, 16.91. C,,H,,O,N, requires 
N, 16.37 per cent). 

This compound is very sparingly soluble in hot alcohol and acetone; insoluble in 
water but dissolves in aqueous solution of alkali carbonate, bicarbonate and caustic 
alkalies. It is unchanged by dilute acids but dissoives in 60% sulphuric acid on warming. 
The acid solution forms a green coloration with copper sulphate solution. The reaction 
with mercuric chloride was slow and no change was noticed when heated with mercuric 
oxide (yellow) in alcoholic suspension. 

The authors wish to express their scincere thanks to Dr. T. N. Ghosh for his 
suggestions in the course of this investigation. 


RenGaL IMMUNITY RESEARCH INSTITUTE, Received March 13, 1951 
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ON BIGUANIDINO SULPHONES 


By U. P. Basu, K. R. CHANDRAN AND ACHINTYA KAMAL SEN 


Some /-biguanidinophenylsulphonylmethanes have been prepared and their characteristics 


recorded. 


In the previous studies made in this laboratory (Sen Gupta and Basu, Ann. Biochem. 
Expt. Med., 1949, 9, 161 Rao etal., this Journal, 1940, 26, 133), it has been shown 
that simple sulphones containing p-aminophenyl substituent exhibit considerable 
bacteriostatic properties. Conversion of the amino group into amidino group may further 
alter the antibacterial spectrum (cf. Andrews et al., Lancet, 1044, i, 773). Some 
amidino sulphones (Fuller et al., J. Chem. Soc., 1945, 633) and some simple aromatic 
guanidines (King and Tonkin, ibid., 1946, 1063) are again found to exhibit some 
antimalarial activity. Hence, it would be of interest to see the effect of introduction of 
biguanidino grouping in the sulphone molecule. A few of such compounds have been 
described in this communication. 


b-Aminophenylsulphonylmethane was prepared according to the method of Sikdar 
and Basu (this Journal, 1945, 22, 343) and converted into the hydrochloride in the usual 
way. It was then condensed with appropriate phenyldicyandiamide to the biguanidino 


sulphones. 


ExPERIMENTAL 


Phenyldicyandiamides were prepared according to the method of Curd and Rose 
(J. Chem. Soc., 1946, 726). The denitrogenation of the intermediate triazine was carried 
out in presence of acetone and concentrated hydrochloric acid (ibid., 1946, 729). 


General Method of Preparation.—p-Methylsulphonylaniline hydrochloride (1 mole) 
was refluxed with the respective dicyandiamides (1 mole) in absolute alcohol for about 
10 hours. The reactants went into solution within half an hour. The reaction mixture 
was then cooled and diluted with requi:ite quantity of ether, when on scratching the hydro- 
chlorides separated as white crystals which were recrystallised from ether-alcohol mixture 
(charcoal). In the case of compound (Il) the hydrochloride separated within a short 
time after the reactants had gone in solution. After refluxing for two hours, the 
reaction mixture was cooled and the separated crystals were filtered off and recrystallised 


from water ‘charcoal). 


The characteristics of the various compounds are listed in the following table. 
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TABLE | 


R=CH,S0.C,H,.NH-C-NH-C-NH- 


Compound. 


R. GH, HC! 
R. CsH,OCH; (p), Hol 
R. C,H,C! (p), HCI 
R. CgHyCl (m), HCl 
R. CgHyBr (Pp), HCl 

R. GsH,CH; (p), HCl 


ll 
NH 


General appearance and 
melting point. 


White crystais, m.p. 221-22 


° 


White needles, m.p. 242-43 


White crystals, m.p. 205-207° 


White prisms, m p. 202-203° 
White crystals, m-p. 228-29° 


White needles, m.p. 229-30° 


NH 


Percentage nitrogen. 


Found. Calc. 
18.88 19.04 
18.12 17 61 
17.76 17.41 
17.60 17-41 
15.48 15.68 
18.22 18.35 


The study of the pharmacologicai properties of the compounds is in progress. 


BENGAL IMMUNITY RESEARCH INSTITUTE, 


CALCUTTA. 


Received December 16, 1950. 
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ORGANIC FUNGICIDES. PART IV. PREPARATION OF SOME ARYLOXY 
FATTY ACIDS AND THEIR MERCURY DERIVATIVES 


By A. B. Sen anv K. C. Josui 


Several aryloxy fatty acids and their mercury derivatives have been prepared preliminary _ to 
evaluation of their fungicidal activity. 

Compounds of mercury, both inorganic and organic, have found considerable use 
as fungicides seed treatments and as mildew-proofing agents (Frear, “Chemistry of 
Insecticides, Fungicides and Herbicides’’, 1948, p. 250). While the inorganic salts are 
highly toxic to all other forms of life and cannot be directly applied to food plants, the 
organic mercurial compounds are specifically toxic for the lower organism. In this paper, 
organo-mercurials, derived from aryloxy fatty acids, have been prepared as it has been 
observed that the substituted phenoxy compounds, well known as plant-growth promoting 
substances, themselves become effective as herbicides and fungicides under different 
conditions of concentration and temperature, and this activity tends to increase with 
higher homologues of substituted phenexyacetic acid (Chem. Rev., 1946, 39, 199; 
Michaelson, Schaal and Fults, Soil Sci. Soc. Am. Proc., 1948, 18, 267). Their mercury 
derivatives are therefore expected to be more toxic to the fungi. 

The aryloxy fatty acids have been obtained, as usual, by condensing substituted 
phenols with halogenated fatty acids in presence of caustic soda solution (J. Amer. 
Chem. Soc., 1943, 65, 1555). With the exception of chloroacetic acid, «-bromopropio- 
nic acid and a-bromobutyric acid have been prepared in the laboratory. The method 
used for the mercuration of aryloxy fatty acids is an adoption of that described by 
Friend (“Inorganic Chemistry’, Vol. XI, part I) and Guha Sircar and Datta (this 


Journal, 1950, 27, 359). All the ten aryloxy acids have been mercurated and their mono- 


mercurated derivatives obtained. 


EXPERIMENTAL 


a-Bromo-fatty Acids.—a«-Bromopropionic acid and «-bromobutyric acid were pre- 
pared by heating freshly distilled dry acids with bromine in the presence of phosphorus 
trichloride (Vogel, ‘Practical Organic Chemistry’’, p. 421). Their boiling points 
corresponded to those previously reported. i 

Aryloxy fatty acids were prepared by heating the appropriate phenol (1 mol.) 
with the halogenated fatty acid ‘1 mol.) and caustic soda solution (2 mols.) at 100° for. 
3 to 6 hours (loc. cit.). Some of the aryloxy acids, which were obtained as oils, solidi- 
fied on cooling and were crystallised from 10% methyl alcohol or petroleum ether. 


Others solidified when distilled under reduced pressure. To establish their purity, their 
(o.t g. of the acid, dissolved in 10 c.c. of 


neutralisation equivalents were determined 
The following compounds 


alcohol, was titrated against 0.1 N-caustic soda solution). 


have been obtained. 
8—1777P—8 
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TABLE I 
Aryloxy acid M.p. B.p. M.p. or Yield. Equivalent 

(obs.) (obs.) B.p. (lit.) Obs. Calc. 
p-Ethylphenoxyacetic acid gi* _ go* 67.8% 179.6 180.1 
m-Ethylphenoxyacetic acid 73° _ _ 56.8 179.4 180.1 
p-tert.-Butylphenoxyacetic acid 86° _ 86.5° 88.8 210.5 208.1 
p-tert.-Amylphenoxyacetic acid 50° _ _ 454 224.3 222.4 
p-Ethylphenoxypropionic acid 50° — = 55-5 195.2 194.1 
m-Ethylphenoxypropionic acid 51° 188°/12mm. — 74.4 196.1 194.1 
p-tert:-Butylphenoxypropionic acid = 51-52° _ 165°-169/2mm. 59-3 222 8 222.4 
p-tert..Amylphenoxypropionic acid — 210°/3mm. — 69.7 234.0 236.0 
p-tert.-Butylphenoxybutyric acid 84° 210°/2omin. — 74.4 237-1 236.0 
p-tert.-Amylphenoxybnutyric acid 54° 168° /18mm. 168° /3mm. 55-5 250.2 250.2 


Mercuration of Aryloxy Fatty Acids.x—The aryloxy-acids were mercurated by the 
method of Friend loc. cit.) and Guha Sircar et al. (loc. cit.). Either a mixture of equimole- 
cular quantities of mercuric acetate in water and aryloxy fatty acid in dilute acetic acid 
or a mixture of yellow mercuric oxide (1 mol.) in 50% acetic acid solution and aryloxy- 
acid (1 mol.) in 50% alcoholic solution was heated on a water-bath till a sandy powder 
séparated. The time required for the reaction varied from 1 to6 hours. The , recipitate 
was filtered and repeatedly washed with boiling water, hot diiute acetic acid and hot 
alcohol. 

All the compounds are insoluble in water, in dilute acids and in common organic 
solvents. They aré¢ stable to air and light. When boiled with concentrated hydrochloric 
acid, they are decomposed'to mercuric chloride and the corresponding aryloxy-acid: 

‘This solution was diluted with water and mercury estimated as mercuric sulphide 
by passing hydrogen sulphide into it, followed by repeatedly washing tlie precipitate 
with carbon disulphide, alcohol and ether to dissolve suiphur and’ organic impurities 
(Vogel, loc. cit., p. 504). The results of the analysis indicated that mono-mercurated 
anhydride of aryloxy fatty acids were obtained. 

The following mercury derivatives have been obtained. 





TABLE I] 

Mercury derivatives. M.p. % Hg. 
Calc. Found. 
CsH;(-O.CH,COO)-Hg (p) 224° (decomp.) §2.97 51.9 
Cae CO, CH,COO)}-Hg (mn) 198° (decomp.) 52.97 521 
( C@Hy (-O:CH; -Hg (Pp) 192? (liq.) 49:3 59:2 
— .CH,.C (CH3)9-CeH;(-0. CH,000) Hg (p) 160° (liq.) 47-7 48.9 
.CsH;(-O.CH.CH;.COO)-H; g IP), 227° (lig:) 50-1 50:1) 
ee, <CH.CH;. CO0)-He 234° (decomp.) 51.4 54-5 
Poet oe By. CH.CH;.COO0)- Oe) 248° (decomp.) 47:7 48:4 
Ci Cie CH,)y, CH. (-O.CH. cH. COO)-Hg (p) 228° (liq.) 46:2 45-53 
-O.CH.C,H;.COO)-Hg (p) 238° (decomp.) 46.2 45-3 
a CH. ce 3)2- CyHs-O. CH.C;Hs.COO)-Hg (p) 240° (deeomp:) 44-7 45:07 
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STUDIES ON LIPASE FROM OIL SEEDS. PART XVI. EFFECT 
OF SOME WATER-SOLUBLE VITAMINS ON THE ACTIVITY 


OF RICINUS LIPASE FROM CASTOR SEEDS 


C. V. RAMAKRISHNAN AND B. N. BANERJEE 


Effect of addition of ascorbic acid, thiamine hydrochloride and riboflavin on the enzymic hydrolysis 
of groundnut oil has been investigated. 


Ramakrishnan and Nevgi (this Journai, to5v, 27, 6) have studied the general 
properties of ricinus lipase from castor seed. Ramakrishnan and Banerjee (under publica- 
tion in Science) found that lipase obtained from some molds grown on oil seeds has got 
better activity than that obtained from the oil seeds. They are investigating the mold 
lipase in detail with a view to preparing it on a large scale. Ramakrishnan and Srinivasan 
(Science & Culture, 1951, 16, 320) found that these lipolytic molas also synthesised 
water-soluble vitamins like ascorbic acid, riboflavin, thiamine hydrochloride, etc. 
Hence it will be appropriate to investigate how the vitamins in the molds affect the 
activity of the lipase. So the preliminary investigation was carried out to study the 
effect of added vitamins on the activity o/ ricinus lipase from castor seed which would give 
an idea of the relation between these vitamins and the lipase activity. 


ExPERIMENTAL : 


The lipase powder was prepared from fresh, well ripened castor seeds by Longnecker 
and Haly’s method (J. Amer. Chem. Soc., 1935, 51, 2019). The hydrolysis of freshly 
prepared groundnut oil was carried out using the lipase powder, disodium phosphate- 
citric acid buffer and different water-soluble vitamins. 


In the first investigation, each set of the experiments consisted of groundnut oil 
(1 c.c.), water (5 c.c.), 10 mg. of water-soluble vitamins {Eli Lilly product), lipase ‘o.1 g.) 
and 2 c.c. of disodium phosphate-citric acid buffer mixture of varying >.» value and a 
few drops of toluene in a conical flask. It was corked well and incubated for 24 hours 
at 37°. The hydrolysis of the oil was also carried out using lipase only without 
vitamins. Always a blank accompanied each sample. Necessary precautions were 
taken to note readings under sterile conditions. After the period of incubation, each 
flask was taken out and the contents titrated against N/10 sodium hydroxide. The 
difference between the sample and the blank gave the activity of the lipase im terms of 
c.c. of N/10o-NaOH. The results are given in Table I. 
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TasLe I 
Diff. in c. c. of N/10-NaOH bet. the sampie and the blank in sample containing 
pu. Thiamine. Ascorbic acid. Riboflavin. Lipase only. 
3.6 9-7 15.8 10 2 6.3 
4.8 13.8 24.1 15.6 12.2 
5.2 10.5 18.9 12.8 7.8 
5-5 9.8 14.2 11.3 6.4 
5-7 7-5 11.8 9-9 5-3 
6.2 6.8 9.6 7-3 4.2 
7.2 6.2 8.2 6.9 3-3 
7.6 5-5 6.1 5-8 2-7 


In the second investigation, the hydrolysis of groundnut oil was carried out using 
castor seed lipase, disodium phosphate-citric acid buffer mixture of fs 4.8 and different 
amounts of vitamins. ‘Ihe results are given in Table II. 

TABLE Ii 


Diff. in ec. of N/10-NaOH bet. the sample and the blank in sample containing 


Amount cf vitamin Thiamine. Ascorbic acid Riboflavin Lipase onlv. 
added. 
10 mg. 13.8 24-1 15.5 12.2 
20 14.9 28.1 15.7 12.2 
40 15.2 28.1 15.7 12.2 
6u 14.2 28.3 14.8 12.2 


DrirscUSSION 


From ‘Table I, it is found that the optimum px for the activity of the ricinus lipase 
does not change by the addition of vitamins as the activity is maximum in all cases at 
4.8ps. The activity of the lipase is enhanced by the addition of vitamins and it ascends 
in the order : thiamine, riboflavin and ascorbic acid. 

From Table II, it is found that as the concentration of the added vitamins increases, 
the activity of the lipase also increases, but the change in activity of the lipase with 
concentration of the added vitamin is not much after a concentration of x 20 mg. of 
the vitamins. 

These investigations prove that water-soluble vitamins like ascorbic acid, thiamine 
and riboflavin accelerate the lipase activity which gives a clue that it may not be 
necessary to remove these vitamins from liplolytic molds while investigating the separa- 
tion of lipase from lipolytic moids, 

The thanks of the authors are due tothe Indian Conncil of Medical Research for 
having awarded a Fellowship to one of them (C. V. R.) to carry out this investigation. 
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COMPOSITION OF MERCURY FERRO- AND FERRICYANIDES BY 
PHYSICO-CHEMICAL METHODS. PARTI. STUDY OF THE 
COMPUSITION OF MERCURIC FERROCYANIDE 
COMPLEX BY CONDUCTOMETRIC METHOD 


By JaGpisH N. GAurR AND ABANI K. BHATTACHARYA 


The composition of mercury ferrocyanide has been studied by conductometric titrations of mercuric 
nitrate and potassium ferrocyanide solutions employing different concentrations of the reactants in 
aqueous and aqueous alcoholic solutions. Many interesting complexes of additive nature are shown 
to be formed by the conductivity curves. Formation of such compounds in the direct and reverse titra- 
tions has been explained. 


The behaviour of mercury salts has been found to be much more complicated than 
that of other heavy metals, Many complex formations of solubie and insoluble type 
have been reported when some mercury compounds are reacted by other neutral salts. 
It is well known that when mercuric chloride or mercuric nitrate is acted upon by 
potassium ferrocyanide, a greenish precipitate of mercuric ferrocyanid- is obtained. 

Reference in the literature about the elaborate study of the composition of mercuric 
ferrocyanide isscarcely available. Williamson (“Chemistry of Cyanogen Compounds’’, 
p. 125) states that a white precipitate of mercuric ferrocyanide is at first formed by 
adding mercuric chloride to a ferrocyanide solution. The precipitate gradually 
decomposes on keeping and finally turns blue. According to Schrodder (Mellor, 
“Treatise on Inorganic Chemistry’’, Vol. IV, p. 831} a yellow precipitate of mercuric 
ferrocyanide is formed with concentrated solutions of potassium ferrocyanide and 
mercuric chloride. Bombelli ‘Anal. Asoc. Quim. Argentina, 1937, 27, 172) observed 
only that Hg;FeCy, was decomposed by water. It was therefore considered worthy 
of interest to apply physico-chemical methods to elucidate the composition of ‘the 
complex in the precipitated state. Conductivity titrations have been performed and 
they reveal many interesting facts regarding the behaviour and nature of mercuric 
ferrocyanide. Mercuric chloride was first of all titrated with potassium ferrocyanide 
but no tangible points of intersection in the conductivity curves were observed, when 
potassium ferrocyanide was added to mercuric chloride in the cell. Since mercuric 
chloride is very feebly dissociated, mercuric nitrate was taken as one of the reactants 
and conductivity titrations against potassium ferrocyanide were performed by 
dissolving the former in a minimum quantity of dilute nitric acid. Under these 
conditions the conductometric titrations could be followed and the formation of 
several complexes was indicated by the titration curves. 


EXPERIMENTAL 


AnalaR (B.D.H.) reagents were used. Preparation of standard solutions and 
further dilutions were done with conductivity water. Potassium ferrocyanide solution 
was estimated by titrating against standardised potassium permanganate solution 
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(Treadwell and Hall, ‘Analytical Chemistry’, Part II, p. 536). Mercuric nitrate 
forms basic salts in water (Mellor, loc. cit., p. 904) and so the solution was 
prepared in the least quantity of dilute nitric acid. The solution of mercuric nitrate 
was estimated ‘by precipitating as sulphide ‘cf. Treadwell and Hall, ‘loc. ‘cit., p. 
172}. The measurements of conductivity were done by Kohlrausch’s Universal 
Bridge (W.G.Pye). Asa source of A.C., a’ low'frequency oscillator (1000 c/s Philiphs 
type 4260/1, No. RT-167) was used, the point of balance being indicated by a minimum 
of sound in the headphone. The conduetivity cell was of Arrhenius type and during 
the course of titrations it was kept immersed in a thermostat maintained at room tempera- 
ture (29°). ‘The titrations were carried out by taking to c.c. of ‘one of ‘the ‘reactants in 
the conductivity cell while the other was added gradually from the burette. ‘The 
conductance of the solution after each addition was measured and was corrected for 
dilution effect by multiplying the observed conductance by V/10, where .V was the 
total volume of the solution and roc.c. referred tothe volume of the reactant taken 
in the cell ‘Davies, ““The Conductivity of Solutions’, p. 238). Curves ‘were ‘plotted 
between the corrected conductance thus obtained against the volume of the titrant. 
The breaks in the curves correspond to the formation of the different compounds. 
Using different concentrations of the two salt solutions, titrations were performed by 
direct and reverse methods, i.e., when mercuric nitrate from the burette was added 


to potassium ferrocyanide in the cell and vice versa. ‘Titrations were also done in 


the presence of alcohol up to 20 % by volume in the case of direct and 2 % by 
volume in the case of reverse titrations. 

From the direct titration curves it follows that the formation of various complexes 
of mercuric ferrocyanide does not show any constancy of the number and the nature of 
compounds when the concentrations of the reactants are varied. 

When direct titrations are carried, out in presence of alcohol added to potassium 
ferrocyanide in the titration cell, it is remarkable that the breaks in the titration 
curves ,are fewer. The compositions of the variety of compounds formed. ai the 
respective, breaks, though similar, are not identical with those obtained in the 
aqueous solution (Figs. 2-3). 

im-reverse titrations the formation of compounds is different from those of the direct 
titrations. Nature of the compounds shown by the reverse titration curves are similar 
but not identical (Figs. 4, 5 and 6). 

In. the reverse titrations alcohol added was only up to 2% im view of the low 


,tonisation of mercuric nitrate. _Addition of alcohol changes the composition of the 
complexes as potassium ferrocyamide is gradually added to mercuric nitrate (Figs. 
5 and 6), 

It will be evident from the titration curves that the compounds Hg,FeCy, is 
positively formed both in the direct and reverse titrations and at all concentration 
ratios of the reactants. Other compoutids are of ‘the type of additive compounds 
consisting of a mercury ferrocyanide complex and mercuric nitrate or potassium 
ferrocyanide according to the ratio of concentrations of the reactants and also the 


order of mixing them (direct or reverse). 
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10% Alcohol in KyFeCy¢ soln. 


Aqueous. 
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Both in the direct and reverse titrations the common complexes formed appear 
to be of the following compositions : 


1. Hg,FeCy, 
2. K,HgFeCy,, xHg(NO,). 
3. K,HgFeCy,, xK,FeCy, 


There is also an indication of the formation of a special type such as Hg,FeCy,, 
xHg(NOQ;}, by direct titration and of the type (i) K.HgFeCy., Hg.FeCy., «K,FeCy, 
and (ii) Hg.FeCy., xK,FeCy,, in the reverse titrations. 

Ail the above observations made from the characteristic conductivity-titration 
curves clearly suggest that the number and nature of mercuric ferrocyanide complexes 
remarkably vary in their composition both in aqueous and aq.-alcoholic solutions with the 
changes in the concentration ratio of the reactants. It may further be mentioned that 
when mercuric nitrate is added dropwise to an excess of potassium ferrocyanide, a yellow- 
ish precipitate is first formed which quickly dissolves just only up toa few drops (3 or _) 
after which a yellow precipitate reappears which changes to permanent greenish precipi- 
tate on adding more and more of mercuric nitrate. It may be a soluble complex 
formed just at the beginning of which no indication is given by the conductivity curves. 


DISCUSSION 


The conductivity curves show the formation of different additive complexes between 
mercuric nitrate and potassium ferrocyanide under different concentration ratios of the 
reactants. In the direct titrations (Figs. 1-3) the mechanism of the reaction may be 
visualised by the following scheme - 


(a) Hg(NO,), + K.FeCy, = K,HgFeCy,+2KNO, 
(b) K,HgFeCy. + xHg(NO,).= K,HgFeCy,, xHg(NO,). where x < one equivalent. 
(c) K,HgFeCy, + Hg(NO;). = Hg.FeCy,+2KNO, 
(d) Hg.FeCy. + xHg(NO,),= Hg.FeCy,., xHg(NO,)}, 
The compounds indicated by the conductivity titration curves seem to support 
the above mechanism. 
In the case of reverse titrations the mechanism of the reaction can be visualised as 
under : 
(a) 2Hg(NO,), + K.FeCy, = Hg.FeCy, + 4KNO, 
(b) HgsFeCy, + xK,FeCy, = Hg.FeCy,, xK.FeCy, where x < one equivalent. 
(c) Hg.FeCy, + K.FeCy. 2K,HgFeCy, 
(d) K,HgFeCy, + xK,FeCy, = K,HgFeCy,, xK,FeCy, 


At certain stage of the reaction there is also a possibility of a special case of com- 
bination as : 
(a) K,HgFeCy, + xHg(NO,), = K,HgFeCy,, xHg(NO,), 
(b) K,HgFeCy, + Hg.FeCy, + xK.FeCy, = K,HgFeCy., Hg.FeCy., xK,FeCy, 
as supported by curves. 
The above mechanism explains the formation of all the compounds marked in the 
conductivity curves, 
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Considering the dense nature of the precipitate of mercuric ferrocyanide it is very 
probable that the phenomenon of adsorption of the reacting ions may play an important 
role in the formation of these additive complexes. 

Experiments are in progress to ascertain quantitatively the adsorption capacity of 
mercuric ferrocyanide for mercuric and potassium ferrocyanide, which may throw 
further light on the composition of the complex. 

Thanks of the authors are due to Prof. M.F. Soonawala, Prof. of Physics, Maharaja’s 
College, Jaipur for his kind encouragement and help rendered to one of us (J. N. Gaur) 
for é¢xperimental equipments, and to Dr. S. S. Deshapande for kindly allowing him to 
work in the Chemical Laboratories, Agra College. 
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THE PREPARATION OF HALOGEN-SUBSTITUTED PHENYLACETIC ACIDS 


By G. S. Misra anp J. S. SHuKLA 


A method for the preparation of the chloro- and bromo- phenylacetic acids has been described. 


A general method for the preparation of all the halogeno-phenylacetic acids has been 
developed by Campbell and McKail (J. Chem. Soc., 1948, 1251} by the application of 
Grinacher’s synthesis ‘Helv. Chim. Acta, 1922, 5, 610; 1923, 6, 458). The course of 
the reaction is represented as foliows: 


R.CHO + CH,—CO R.CH=C—CO 

| -H,0 | aa +H,0 NH,OH 

Ss NH -—~ S NH ——~> R.CH,.CS.COOH ——-—> 

V4 \JZ -NHCS 

Cs Cs 

Rhodanine. 
-CO; +H,0 

R.CH,.C{==NOH).COOH —— > R.CH,CN ——> R.CH,.COOH 

-H,0 


This method of conversion of the benzaldehydes into the phenylacetic acids invol- 
ves five steps, though the overall yields are stated to be good. Apart from this rhoda- 
nine, which is used in this reaction, can be prepared only with some difficulty. 

o-Bromophylacetic acid has been prepared by Fieser and Kilmer (J. Amer. Chem. 
Soc., 1940, 62, 1356) by the application of Arndt- Eistert synthesis. This method is 
of general application and gives reasonably good yields, but is limited by the slow 
formation of the intermediate diazo-ketones and the difficulty of working with diazome- 
thane (cf. Campbell and McKail, loc. cit.). Other methods of preparation (cf. Bedson, 
J. Chem. Soc., 1880, 31, 94; Kindler and Peschke, Arch. Pharm., 1933, 271, 435; Kindler 
and Gehlhaar, ibid., 1936, 274, 377 et seq.) have been reviewed by Campbell and McKail 
(loc. cit.) but are not found to be very successful. 


An alternative route to the preparation of halogen-substituted phenylacetic acids 
from the corresponding substituted toluenes has recently become available. It has 
been shown by Schmid and Karrer (Helv. Chim. Acta, 1946, 29, 573) that when toluene 
is reacted upon by N-bromosuccinimide in the presence of a small quantity of benzoyl 
peroxide asa catalyst, benzyl bromide is formed in good yield. By the application of 
this method a large number of substituted benzyl bromides have been prepared from the 
corresponding toluenes (Misra and Shukla, this Journal, 1951, 28, 277; cf. Djerassi, 
Chem. Rev., 1948, 48, 271). The yields are reasonably good, viz., 84, 73, and 
76% for the o-, m- and p-chloro-, and 69, 55 and 64% for the corresponding bromo- 
benzyl bromides, respectively. The benzyl bromides were converted into the phenyl- 
acetonitriles, which on hydrolysis afforded the phenylacetic acids. The course of the 
reaction has been formulated as below and involves only three steps from the toluene 
to the phenylacetic acid: 
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N-Bromosuccinimide + KCN 
R.CH; —— — R.CH,Br > 
benzoyl peroxide + CCl, 
+H,0 
R.CH,CN —_—— R.CH;.COOB 


The phenylacetonitriles were obtained in yields of 61, 83 and 71% for the o-, m- 
and p-chloro- and 60, 61 and 77% inthe case of, o-, m- and p-bromo- substituted 
compounds respectively. For the hydrolysis of the phenylacetonitriles to the phenyl- 
acetic acids a mixture of equal volumes of concentrated sulphuric acid, glacial acetic acid 
and water was found to be quite satisfactory (cf. Campbe]l and. McKail, loc. cit.). 
In this. way the phenylacetic acids were prepared in yields of 89, 91 and 89% for the 
o-, m- and p- chloro- and 908, 91, and 95% for the corresponding o-, m- and p-bromo- 
substituted compounds. 


EXPERIMENTAL 
Preparation of Phenylacetonitriles 


o-Chlorophenylacetonitriie.—o-Chiorobenzyl bromide (40 g.) was added to a 
solution of sodium cyanide (12g. ) in hot water (15 c.c.) and ethanol {20 c.c.) during 
the course of about 10 minutes. The mixture was then boiled for 3. hours longer, 


cooled and filtered, and the ethinol was distilled off under reduced pressure. The 
residue was then distilled in vacuum. o- Chlorophenylacetonitrile was collected - at 
115°/omm., yield 18 g. (61%). (Lit., b.p. 123°-125°/11 mm.). 

m-Chlorophenylacetonitrile was similarly prepared from m-chlorobenzyl bromide 
‘5 g.) and potassium cyanide (2 g.), dissolved in water {5 c.c.) and ethanol (5 c.c.}. It 
was collected at 127°/7 mm., yield 3 g. (83%). (Lit., b-p. 134°-136°/10 mm.). 

p- Chlorophenylacetonitrile was prepared in the same way from p- chlorobenzy] bro- 
mide (15 g.) and potassium cyanide (6g.), dissolved in water {10 c.c.) and ethanol 
(10 c.c.). It was collected at 140°/tomm., yield 7.8 g. (71%j. (Lit., b.p., 
137-°139°/12 mm.). 

o-Bromophenylacetonitrile was similarly prepared from o-bromobenzyl bromide 
‘3 g.) and potassium cyanide (2 g.), dissolved in water (5 c.c.) and ethanol ‘5 c.c.), b.p. 
131°-132°,;8mm., yield 1.4 g. (60%). (Lit., b.p. 140°-141°/13 mm.). 

m-Bromophenylacetonitrile was prepared from m- bromobenzy! bromide (2.5 g.) and 
potassium cyanide {2 g.), dissolved in water (5 c.c.) and ethanol (5 c.c.). It was collec- 
ted at 140°-142°/8mm., yield 1.2 g. (61%). (Lit., b.p. 145°-147°/10 mm.). 

p- Bromophenylacetonitrile was prepared from p-bromobenzyl bromide ‘5 g.) and 
potassium cyanide (3 g.), dissolved in water (5 c.c.) and ethanol (5 c.c.), b.p. 142°/5 mm., 
yield 3 g. (77%). (Lit., b. p. 152°-156°/10-12 mm.). 

Preparation of Phenylacetic Acids 

o-Chlorophenylacetic Acid.—o- Chlorophenylacetonitrile (5 zg.) was refluxed with 

a mixture of equal volumes (5 c.c. each) of concentrated sulphuric acid, glacial acetic 


acid and water. ‘The reaction was complete in about an hour, when the mixture was 
poured in excess of water. o-Chlorophenylacetic acid, which separated out, had a 
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m.p. 93-94° (lit., m.p. 96°), yield 5g. 89%}. (Found: Equiv., 170.1. Calc. for 
C,H,0.Cl: Equiv., 170.5.). 

m- Chlorophenylacetic Acid.—m- Chlorophenylacetonitrile {4 g.) was hydrolysed 
as above, m.p. of acid, 76° (lit., m.p. 76° yield 4.1 g. (91%). ‘Found: Equiv., 171. 
Calc. for C,H,;O,Cl: Equiv., 170.5). 

p-Chlorophenylacetric Acid.—p-Chlorophenylacetonitrile {7 g.} was hydrolysed 
as above, m.p. of acid, 104-105° (lit., m.p. 105°}, yield 7g. (89%). (Found: Equiv., 
169.4. Calc. for CsH,;O,Cl: Equiv., 170.5). 

o- Bromophenylacetic acid was similarly prepared from the hydrolysis of o- bromo- 
phenylacetonitrile {1.4 g.} and after crystallisation from light petroleum ‘{b.p. 80-100°) 
melted at 104°-105° (lit., 105°-106°), yield 1.5 g. (98%). (Found: Equiv., 215. Calc. for 
C,H,O,Br : Equiv., 215). 

m- Bromophenylacetic acid was similarly obtained from the hydrolysis of m- 
bromophenylacetonitrile (1 g.}. After crystallisation from hot water, m.p. was 99-101° 
(lit., m.p. 100°), yield rg. (91%). (Found: Equiv., 216. Calc. for C,H,O,Br: Equiv., 
215). 

p- Bromophenylacetic acid was obtained from the hydrolysis of »-bromopheny]- 
acetonitrile ‘2.5 g.) as above, m.p. 113-14° (lit., m.p. 114°), yield 2.6 g. (95%). (Found: 
Equiv., 216. Calc. for C,H,O,Br: Equiv., 215.). 
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STUDIES IN THE isoQUINOLINE SERIES. PART I 


By R. S. ASTHANA AND G. S. MISRA 


Experiments are described in which ‘selenium has been used in the dehydrogenation of some 
1-aryl-3 : 4-dibydroisoquinolines. 


The Bischler- Napieralski synthesis (Ber., 1893, 26, 1903) is a valuable method for 
the preparation of a large number of isoquinoline compounds and has found extensive 
use in the field of alkaloids. [t consists in the treatment of the acyl derivatives (both 
aliphatic and aromatic) of 8-phenylethylamine with powerful dehydrating agents such as 
phosphorus pentoxide, phosphorus oxychloride or polyphosphoric acid in boiling 
toluene, xylene or tetraline, whereby a 3: 4-dihydroisoquinoline is produced (Spith, 
Berger and Kuntara, “Ber., 1930, 63, 134; Whaley and Hartung, J. Org. Chem., 1949, 
14, 650; Snyder and Werber, J. Amer. Chem. Soc., 1950, 72, 2962 et seq.). 


The dihydroisoquinoline formed can be converted into true isoquinoline compound 
either by oxidation or by one of the dehydrogenation methods. Thus, Pictet and Kay 
{Ber., 1909, 42, 1973) prepared 1- phenyl- and 1-benzyl-isoquinolines by the oxidation 
of the corresponding 3: 4-dihydro compound with potassium permanganate in acid solu- 
tion, while Spith and his collaborators ‘loc. cit.) elaborated the method of catalytic 
dehydrogenation with palladium for the preparation of a large number of isoquinoline 
compounds. This latter method has been found to be very useful, irrespective of the 
nature of the side-chain at position one and the yields obtained are very high. 


Besides the catalytic methed of dehydrogenation, the other methods available are 
the dehydrogenation with sulphur atalow temperature or with the less destructive 
selenium at higher temperatures. 1- Phenyl- 3: 4- dihydro- and 1- methyl- 3: 4-dihydroise- 
quinolines, which were prepared in yields of 72% and 58% respectively according to the 
modified procedure of Whaley and Hartung (loc. cit.), were subjected to selenium 
dehydrogenation in accordance with the usual procedure. The temperatures of reaction 
used were 300°-320° for the 1- phenyl- and 240°-260° for the corresponding 1-methyl- 
3: 4-dihydroisoquinoline and a reaction time of about 40 to 50 hours was employed. It 
was found that the dehydrogenation of these compounds into the true isoquinolines took 
place smootbly and the pure final compounds were obtained in yields of 55%. The yields 
are considerably lower than those in the case of catalytic dehydrogenations and the 
method is of limited use. Perhaps the lower yields could be explained on the basis that 
in the beginning the reaction is very vigorous and some of the material is lost by being 
carried over with the escaping hydrogen selenide. 





No other 1- aryl- 3: 4- dihydroisoquinolines were subjected to this method of dehy- 
drogenation, as it is well known in the field of steroids that the presence of longer side- 
chains leads to complications. 
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EXPERIMENTAL 


Preparation of 1-Phenyl- 3:4-dihydroisoquinoline.—The procedure of Whaley and 
Hartung (loc. cit,) was used. N- Benzoyl-8-phenylethylamine (9 g.) was heated with 
phosphorus pentoxide (jo g.) ‘and POCI, (30 g.) in xylene ‘75 c.c.) for 4 hours ona 
sand-bath. The mixture was poured on ice and the xylene layer separated. The water 
layer was basified with a solution of caustic soda and 1-phenyl-3:4-dihydroisoquinoline 
extracted with benzene. . The oil (9.1 g.) obtained was fractionally distilled. The por- 
tion, b.p, 185°/10 mm. (lit., r90°-200°/12 mm.) was collected, yield, 6g. (72%). 

Preparation of 1- Methy- 3:4-dihydroisoquinoline.—N-Acetyl-8-phenylethylamine 

{ro 'g.¥:;was heated with phosphorus pentoxide (20 g.) and phosphorus oxychloride 
(20 g.) in xylene (150 c.c.) for 2hours. ‘The crude oil (6.7: g.) isolated as above was 
fractionally distilled. and ‘collected at 128°/10 mm. {llt., 130°/10 mm.), yield 5. 
(58%). 
: Selenium Dehydrogenations : Preparation of 1-Phenylisoquinoline.—1-Phenyl-3:4- 
dihydroisoquinoline (6 g.) was heated with powdered selenium ‘16 g.) in a long necked 
pyrex. flask, fitted with a long air condenser and heated in a metal bath, maintained at 
300°-320°. A brisk reaction took place for. the first few hours with 4 vigorous evolution 
of hydrogen. selenide gas. After heating for a total period of 42 hours,. the 
flask was cooled. The compound was extracted with benzene, which was. boiled 
With, animal charcoal several times, to get rid of the last traces of selenium and then 
filtered. ‘The benzene was then distilled off leaving an amorphous solid, m.p. 91-92° 
(lit., 93°). yield 3.2 g. (55%). The picrate ‘prepared from ethyl aclohol) has a m.p, 
165-66° (lit.,.m. p. 165-66°). 

Preparation of 1-Methylisoquinoline.—1-Methyl-3:4-dihydroisoquinoline (5 g.) was 
similarly heated with powdered selenium (11 g.) in a metal bath at 240°-260°. After 
heating for a total period of 48 hours, the compound was isolated as above. 
The crude oil was then fractionated. 1-Methylisoquinoline was collected at 125°/10 
mm. (lit., 124°-126°/to mm.}, yield 2.7 g. {55%}. The picrate ‘prepared from methyl 
alcohol) has a m.p- 224-25° (decomp.) (lit., m.p.'225-26°). 


CHEMISTRY DEPARTMENT, Received April i2, igst 
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A NOTE ON A BITTER PRINCIPLE FROM THE SEEDS OF 
SWIETENIA MAHOGANI 


By S. S. GuHA SrrRcAR AND Kazi Appvut LATIF 


In a previous communication (this Journal, 1951, 28, 207) the isolation of a bilter and a 
non-bitter principle from Swietenia macrophylla (NO. Meliaceae) was described. By a 
slightly different process of isolation and purification, a different bitter principle has now 
been isolated from the seeds of Swietenia mahogani which morphologically differs from 
the other species, mainly in the smaller size of its leaflets and of its fruits. No non- 
bitter principle has been found. Analytical data indicate it to be a non-alkaloidal, non- 
glucosidal bitter principle of the provisional formula C,,H,,O,. The presence of an 
unsaturated lactone group, of a somewhat inactive OH group, and of a methoxy group 
has been established by the usual tests and analyses. Further work will be carried out at 
Cuttack when a fresh lot of seeds is available. 

The dried, decorticated and powdered seeds yielded a thick yellow oil ‘33%! to 
light petroleum. The concentrated chloroform extract of the residue on pouring 
into 4 to 6 volumes of light petroleum gave a white granular precipitate, which was 
redissolved and reprecipitated, and was obtained as a yellowish powder (yield 1%). 
It is insoluble in water, dilute acids and alkalies and in petroleum, but easily soluble 
in all organic solvents. It is ext’2mely bitter in taste and neutral in reaction. For 
purification an alcoholic solution of it was heated for 4 hour at roo°® after adding 
N-Ba(OH), till a distinct yellow colour appeared in the solution. Most of the alcohol 
was next removed under reduced pressure, the mixture diluted with 3 volumes of 
water and acidified in the cold with dilute acetic acid. The pale ycllow granular solid 
was filtered, dissolved in warm rectified spirit and slowly poured on the surface of 
4 to 5 volumes of water in a beaker. This process was repeated thrice, the bitter 
principle being thus cbtained as a microcrystalline solid, m.p. 127°. 





The compound did not give tests for aldehyde, ketone, glucoside or methylene- 
dioxy group. It could not be acetylated under mild conditions. Tests for lactone 
and methoxyl groups were positive. (Found: C, 64.0-, 64.2; H, 7.76, 7.7. Co,H 00, 
requires C, 63.08 ; H, 7.6 per cent). 

M. W. bythe Rast method was 389.5 and by cryoscopic method in glacial acetic 
acid, 385. Cs,HyeO; requires M. W., 304. 

Lactone titration with N/10 alcoholic NaOH at 100° for half an hour gave an equi- 
valent weight of 206. The M. W. may be 206 x 2=412. 

From the neutral solution after lactone titration, dilute HCl in the cold gavea 
hydroxy-acid, m. p. 108°, insolvble in water, but dissolved completely in dilute ammonia. 
(Found : C, 61.3, 61-5 ; H, 7.5, 7.8. Cs:H;.0; requires C, 61.16 ; H, 7-76 per cent). 

Equivalent weight by titration with N-NaOH gave 431.4 ; C.,H;,0. requires 412. 

Zeisel determination gave a low value of 13.8% of MeO, cale., 15.7%. Obviously 


10—1777P—8 





486 S. 8. GUHA SIRCAR AND K. A. BATIF 


the liberation of Mel was not quantitative. Reaction with pheny! isocyanate gave a 
white powder, m. p. 139°. (Found : N, 2.55 ; the monophenyl urethane from C2, Hs0(); 
requires N, 2.7 per cent). 

The dibromide formed im glacial acctic acid melted at 180° ‘decomp.). ‘Found : 
Br, 25.4. C2:Hs.0,Br. requires Br, 28.4 per cent}. 0.2808 g. in methy! alcohol absorbed 
at 30° and 757 mm. 19.8 c.c. or 17.02 c.c. of H, at N. T. P. 

0.1835 g. at 30° and 758 mm. absorbed r2.5 c.c. or 10.75 c.c. at N. T. P. ; values 
calculated .on the basis of one double bond being 15.96 and 10.45 c.c- respectively. 
The isolated dihydro derivative melted at 118°. 

CHEMICAL LABORATORY, 
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PRODUCTION OF THE JOSHI EFFECT IN OXYGEN UNDER SILENT 
ELECTRIC DISCHARGE. PART VIII. INFLUENCE OF ‘AGEING’ 
UNDER FULL- AND SEMI-OZONISER EXCITATION 


By S. R. MoHANTY 


Influence of ‘ageirig’ under discharge at constant applied potential V on the Joshi effect Ai in oxvgen 
No sensible time-variation of Ai is observed 


In a freshly prepared Siemens’ 
The possible contribution to this 


has been studied under fu'l- and semi-ozoniser excitation. 
in an ozoniser which had been in continuous use for twelve months. 
tube, however, Ai iticreases progressively to a constant maximum 
‘ageing’ effect of changes in ionic mobility, due to cluster formation etc., is considered to be 
The progressive development of Ai during ‘ageing’ follows the equation for ‘first order’ reactions. 
Chemiosorption, involving electron transference or/and sharing, is responsible for the formation of 
the excited boundary layer postulated by Joshi as the chief seat of the phenomenon. The continued 
increase in Ai to a stationary maximum is attributed to diminution, with time, of the ‘work function’ 
Since a semi-ozoniser has a small surface 
Current changes during ‘ageing’ 


negligible 


characteristic of the excited layer formed under discharge 
exposed to the gas, the effect of ‘ageing’ on such a tube is small. 
arise from variations in the electro-static capacity of the systems as a consequence of the chemiosorption 


of oxygen on the electrode walls. 


Earlier results reported the marked influence of ‘ageing’, i.e., a time-variation at 
a constant applied potential V of the conductivity i, on the’magnitude of the Joshi effect, 
net Ai and relative % Aji, in excited chlorine (Deo, Proc. Ind. Acad. Sci., 1945, A21, 
76; Goyal, this Journal, 1947, 24, 201; Mallikarjunappa, ibid., 1948, 25, 197; Ramana- 
murthi, ibid., 1948, 25, 255), bromine ‘Deshmukh and Sirsikar, Proc. Nai. Inst. Sci., 
1948, 14, 157) and iodine (Deshmukh, this Journal, 1949, 26,179). The preliminary 
observations of the auihor and Namath (Proc. Indian Sci. Cong., 1947, Part III, Phys, 
Sec., Abst. No. 15) had shown that Ai in oxygen in a freshly prepared ozoniser 
increases with the ‘age’ (i. e. use) of the ozoniser. It was of interest therefore to 
study in some detail the time-development of Si in oxygen under full- and semi- 


ozoniser excitation at constant V. 


ExPERIMENTAL 


The gencral experimental arrangement and the mode of observing Si were essenti- 
ally similar to those described in Part I (Mohanty and Kamath, this Journal, 1948, 28, 
Five typical series of observations with ozonisers A, B, B, and C, and a semi- 
The semi-ozoniser had a platinum wire as 


405). 
ozoniser W are given in Tables I and II. 
the central H. T. electrode. Ozoniser C had the following dimensions: 


20 nim. 
15 


External diameter of the outer tube 
Internal ” ” ” 
Thickness of the glass wall 
External diameter of the inner tube 
Internal am » % 
Inter-electrode distance 


Length of the electrode space 30 5 cm 
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TABLE I 


Influence of ‘ageing’ on the Joshi effect in oxygen under full- and 


Ozoniser A. 


pO,=27 mm.(20‘). Temp. 
=27°. 0.93kV r.m s. (50,y). 


Time Vacuo-junction 
in Three 200 volts, 200 

mins. watt (glass) bulbs, 

22 cm. from A 


n 


aan & 


10 


in, tt, 
7.68 6.16 


7.48 
7-35 


7°35 


6.08 


5.96 


6.00 


5-79 
5-83 


Ai. 


1.52 


1.43 


1.47 


1.47 


1.39 


1.48 


1.56 


1.52 


% Ai. 


19.8 


18.6 


19.5 


19-5 


18.9 


19.8 


21.2 


20.7 


Ozoniser B. 


sems-ozoniser excitation. 


pO,=331 mm. (32°). 
Temp. =31°. 2.8kV 
r.m.s. (50). Vacuo- 
junction. Two 200 volt, 
200 watt (glass) bulbs, 
17 cm. from B). 


Ozoniser C. 


fp. t Ai. KA. ip. Ai. 

8.66 7.28 1.38 15.9 7-35 6.71 0.64 

6.78 6.00 0.78 

6.48 5.57 0.91 

7.81 6.25 1.56 20 Joe 

6.25 5.29 0.96 

6.16 5.2 0.96 

7.81 6.25 1.56 20 6.16 5.1 1.06 
7:81 6.04 1.77 22.7 

6.16 4.9 1.26 

7-75 §.92 1.83 23.6 6.16 4.58 1.58 

7:75 5-83 1.92 248 6.16 4.47 1.69 

7:75 5-83 1.92 24.8 6.08 4.24 1.84 

7.81 5.83 1.98 25 6.08 4.24 1.84 

6.08 4.12 1.96 

6.08 4.12 1.96 

6.08 4.12 1.96 

ose 6.08 4.12 1.96 

8.00 5.92 2.08 26.0 6.08 4.12 1.96 

8.06 5.92 2.14 26.6 6.08 4.12 1.95 


Ozoniser A was in continuous use for about 12 months. 


” 


B, 


” 


C and semi-ozoniser W were freshly prepared. 


pO,=52 mm. (20°). 
Temp. =22°. 1.33kV 
r.m.s. (50%). Va cuo- 
junction. One 200 volt, 
200 watt (glass) bulb, 
19 cm. from C. 


% Li.o. 
8.7 
11.5 
14.0 
15.4 
15.6 


17.2 


20.5 


27-4 


30.3 


30.3 





Semi-ozoniser W. 


pO_,=250 mm. 
Temp. =20°. 2kV 
r.m.s. (50g). Vacuo 
junction. One 200 y It, 
200 watt (glass) bulb, 

25 cm. from W. 


7.62 


7-55 


8.43 


8.78 


9.33 


9.38 
9.49 
9 54 
9.38 
9-49 


i, 


7.07 


6.93 


7.48 


7.81 


8.06 


8.06 


8.06 


8.06 


8.19 


8.19 


8.06 
8.05 


Ai. %Ai 
0.87 I1 
069 9.1 
0.80 10.5 
0.73 97 
0.95 11.3 
0.97 (+II.1 
3.28 26.3 
1.16 12.6 
1.27 13.6 
3.32 14.2 
1.30 13.7 
1.35 14.2 
1.32 14.1 
1.43 15.1 


over a period of 4 months, but later had been set aside for 


6 months. 


about 
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TaBLe II 
Influence of ‘ageing’ on the Joshi effect in oxygen. 
Ozoniser B.* 
pO, = 456 mm. (30°). Temp. = 28.30". ‘Ageing’ potential = 10.66 kV (r. m. s.). 50m: 


Detector = Diode 6H6 (RCA) ; half wave Inductive coupling. Source of radiations = Two 200 volt, 200 
(glass) bulbs, watt 15 cm. from B 


Experiment Number. 


Vv 1. 2. 3. 4- 5- 6. 7. 8. 9. 
tp 6 3 4 2 3 3 - 3 
it 6 3 4 2 2.5 3 _ - 3 
2.67. Ai - — — om 0.5 oa — = 
% Ai ao — _ _ 16.7 — _ —_ _ 
ip 8 6 7 5 6 6 6 1.5 7 
i, 8 5 6 4 5 5 4-5 5 
2.93 At — 1 I I I I 1.5 0.5 2 
% Ai _ 16.7 14.3 20.0 16.7 16.7 25.0 33-3 28.6 
ip 9 13 10 10 13 13 13 6 15 
iv 8.5 10 8 7 10.5 9 10 3 10 
32 6A 0.5 3 2 3 2.5 4 3 3 5 
% Ai 5-6 23-1 20 0 30.0 19.2 30.8 23.1 50.0 33:3 
ip 23 26 17 18 21 23 22 16 35 
it 19 18 13 12 17 16 15 8 19 
3-47 Ai 4 8 4 6 4 7 7 8 16 
% At 17-4 30.8 23-5 33-3 19.1 30.4 31.8 50.0 45-7 
io 89 73 35 38 40 63 67 62 gI 
it 67 51 24 27 29 34 42 31 51 
3:73 Ai 22 22 11 11 11 29 25 31 40 
% Li 24-7 30.1 31.4 29 27:5 46.0 37-3 50.0 44 
ip 128 107 76 80 76 101 112 98 120 
i, 96 78 49 50 51 70 69 52 73 
4 Ai 32 29 27 30 25 31 43 46 47 
% di 25.0 27.1 35-6 37-5 32-9 30-7 38.4 47 39-2 
ip 197 161 137 140 140 169 174 158 186 
it 159 121 97 98 105 126 119 06 121 
48 di 38 40 40 42 35 43 55 62 65 
% Li 19.3 24:9 29.2 34-4 25.0 25-5 31.6 39-2 34:9 
ip 238 192 175 178 185 183 215 190 218 
it 197 147 130 127 141 130 150 118 150 
$33 Ai 41 45 45 51 44 53 65 72 68 
% Ai 17-2 23-4 25.7 28.7 23.8 29 30.2 37-9 31.2 
ip 329 2 257 263 272 306 300 2 300 
in 288 219 203 203 216 238 224 189 221 
6.93 Ai 41 50 54 56 68 76 80 79 
% Ai 12.5 18.6 21.0 22.8 20.6 22.2 25-3 29.8 26.3 
ip 378 311 301 305 318 356 335 313 348 
is 338 258 244 237 258 286 257 228 266 
8 Ai 40 53 57 68 60 70 78 85 82 
% Ai 10.6 17.0 19 22.3 18.9 19.2 23-3 27.2 23.6 
ip 368 357 362 378 418 393 373 406 
in 317 298 293 315 344 311 287 323 
96 Ai 51 59 69 63 74 82 86 83 
% Ai 13-9 16.5 19.1 16.7 17-7 20.9 23.1 20.5 
ip 397 383 393 422 457 432 408 442 
iu 346 323 325 353 381 339 322 356 
10.7 Ai 51 60 68 69 76 93 86 86 
% Bi 12.8 15-7 17.3 16.4 16.6 21.5 21.1 19.5 


*Freshly prepared. 
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TABLE III 


KNinelics of the development of the Joshi effect in oxygen. 


(Ozoniser C*) 


a=1.32 a’ = 23.5 
eS siileaicnindetineiancitaioetihaiigsniagiitiaiaiaiatti 

Time Ai. a-x. kX 107. % Ai. a‘—x’. k’ x 10? 

(t) {1 st.order) (1 st.order) 

o min. 0 64 _ _ 8.7 — mm 
10 1.06 0.90 38 16.6 15.6 1.1 
20 1.205 0.095 3.2 20.5 117 35 
30 1.415 0.545 2.9 22.8 94 3.1 
40 1 53 0.43 2.8 24.7 7-5 2. 
50 1.615 0.345 2.7 26.1 6.1 a.7 
60 1.685 0.275 2.6 27.4 1.8 6 
jo 1.74 0.22 2.6 25.5 3-7 26 
80 1.785 0175 2.5 29.3 2.9 26 
go 1 82 0.14 2.5 30.0 2.2 6 
100 1.85 0.11 2.5 30.6 1.6 2.7 
110 1.873 0.087 2.5 31.1 1.1 2.8 
120 i.89 0.07 2.4 31.4 o§ 28 
130 1.907 0.053 2.5 31.6 0.6 2.8 
140 1.92 0.04 2.5 318 0.4 2.9 
150 1.93 0.03 25 31-9 0.3 2.9 

(1.96) (32.2) 


*Freshly prepared. 


Ozoniser A sealed with purified oxygen at 27 mm. Hg pressure (20°) had been in 
use for work on the Ai phenomenon over a period of about 12 months. ‘The discharge 
current i was measured with a sensitive reflection galvanometer actuated by a Cambridge 
vacuo-junction. At a constant applied V=o.93 kV ‘r.m.s.) of 50 cycles frequency, 
i was observed at intervals of 25 minutes in dark (ip), and when irradiated (i.) perpendi- 
cular to the axis of the ozoniser by a battery of 200 watt incandescent ‘glass) bulbs run 
at 200 volts. From these data the corresponding values of Ai and % Ai were calcu- 
lated ‘Table I). The next series of experiments (Table I) refers to ozoniser B (vide 
surpra) sealed with purified oxygen at 331 mm. pressure (32°). This ozoniser (now 
designated B:) which was in use for about 4 months for work on Ai had _ been set 
aside over a period of half year. The ozoniser was excited at 2.8 kV; ip and i, 
were observed at intervals of 5 to 30 minutes. Similar observations (Table 1) were made 
with a freshly prepared ozoniser C containing 52 mm. (20°) of pure oxygen subjected 
to discharge at 1.33 kV, and with a freshly prepared semi-ozoniser W, filled with oxygen 
at 250 mm. (20°) pressure and excited at 2 kV. 


{In another set of observations (Table I1), a freshly prepared ozoniser B filled with 
Every 24 hours, the gas was subjected to con- 


456 mm. (30°) of oxygen was used. 
tinuous discharge at 10.7 kV for 1 hour ‘in the case of experiments 1-6, Table II) 
or 2hours (in the case of experiments 7-9, Table II), and ip and i, observed with the 
galvanometer actuated by an inductively fed diode 6H6 (RCA), used asa half-wave 


detector, at different V, decreased progressively. 











JOSHI EF FECT IN OXYGEN UNDER SILENT ELECTRIC DISCHARGE i) 


DiscUSSION 
It is seen from observations with ozoniser A (Table 1) that exposure of the gas to 


discharge at a constant applied V for about 3 hours brings about but a small decrease 
in i (Fig. 1) and it. The net effect Si, and % Ai, however, remain practically 
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constant. Since the the ozoniser had been in use for a very considerable period, the absence 
of any appreciable time-variation of Ai might be ascribed toits having been already 
‘aged’. This deduction is supported by the results of observations on the freshly 
prepared ozonisers B and C, and the freshly prepared semi-ozoniser W. 

From Table II, which embodies results of 9 experiments with the freshly prepared 
ozoniser B, it is seen that Qi as weil as % Aj increase with ‘age’ (i.e. use) of the ozoniser. 
Thus, e. g., Si at 4 kV, at the end of one hour’s exposure to discharge at 10.7 kV, was 
32; it increased to 47 at the same V as a result of 12 hours’ exposure to discharge. 
Ihe corresponding %A4i increased from 25.0 to 39.2 

iy and i, for the freshly prepared ozoniser C, excited at 1.33 kV, diminish with time, 
at first rapidly and then slowly, tending towards a constant minimum after a certain 
‘ageing’. On the other hand, both Miand % Ai increase with the duration of exposure 
to discharge, at first rapidly and then slowly, toa constant maximum. ‘Thus, ip at the 
time of initiation of the discharge was 7.35 and decreased to 6.48 at the end of 4 minutes 
of exposure to discharge. On.continuation of the discharge, it reduced only to 6.08 
at the end of 90 minutes, remaining stationary afterwards. Similarly, i, at the time of 
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initiation of the discharge was 6:71 , reduced to 5.57 at the end of 4 minutes, and 4.12 
at the end of 150 minutes, after which it remained constant. It is seen from above 
that i, decreases over a wider interval of time than ip. ‘The effect Ai increased from 
0.64 at the time of initiation of the discharge to 1.96 at the end of 150 minutes, after 
which it did not vary with the duration of exposure to discharge. The corresponding 
%4i increased from 8.7 to 32.2, i.e., by 3.7 times. As against this, it will be seen 
(Table I, Fig. 1) that in the case of ozoniser B:, which was in use for work on Ai in 
oxygen for about 4 months but had been set aside for about 6 months, effect of ‘ageing’ 
is small. Thus, e.g., Ai increased from 1.38 to 2.14, and %Ai from 15.9 to 26.6 (by 
1.7 times) due to 300 minutes of continuous exposure to discharge. Both ip and i, 
decrease from respectively 8.66 and 7.28 at the time of initiation of the discharge to 
7.75 and 5.83 at 90 minutes; later a small increase to 8.06 and 5.92 at 300 minutes 
was exhibited. 

Results with the semi-ozoniser W (Table I, Fig. 1) are interesting. This has a 
small surface-area compared with ozonisers of the Siemens’ type. It isseen that at 
first there is a small fall, with time, in both ip and i, up to 15 minutes; after this both 
these quantities increase tending, in each case, towards a constant maximum after 
prolonged exposure to discharge. Both Ai and %Aji, on the other hand, increase 
progressively. The increase, however, is small compared with the results for Siemens’ 
tubes, indicating that the influence of ‘ageing’ on Ai in oxygen under semi-ozoniser 
excitation is comparatively small. Thus, Ai increased from 0.87 at the time of initiation 
of the discharge to but 1.33 at the end of 5 hours of continuous exposure to discharge 
at 2kV. ‘The corresponding %Ai increased from 11 to only 15.1. 

The time-variations in electrical quantities in gaseous systems have been emphasized 
by Joshi (Curr. Sci., 1930, 8, 548; Trans. Faraday Soc., 1929, 25, 121) as significant 
for an analysis of the corresponding discharge reaction. Such variation in conductivity 
under constant electrical conditions in gaseous mixtures and in compound gases has been 
attributed to the progress of a chemical change in the system; no such simple mecha- 
nism, however, can be postulated, in the first instance, in the case of elementary gases. 
In the case of oxygen, exposed to discharge under conditions of the present work, the 
formation of ozone is found to be small ‘Mohanty, this Journal, 1949, 26, 291) and 
cannot therefore account for the marked variations in the current observed. 

It was observed by Erikson (Phys. Rev., 1921, 17, 400; 1921, 18, 100; 1922, 19, 
275; 1922, 20, 117; 1924, 28, 110; 1924, 24, 502; 1929, 33, 403; 1929, 34, 635) that 
whereas negative ions in air showed but one mobility, the mobility of the positive ions 
varied with time. ‘This result was verified by Wahlin (ibid., 1922, 20, 267), and by 
Tyndall and Grindley (Proc. Roy. Soc., 1926, A,110, 358}. Erikson (loc. cit.) explains 
his resuit by assuming that ionisation involves merely the detachment of an electron 
from a molecule, leaving a positive monomolecular ion which soon attaches to a neutral 
molecule forming the final, somewhat unstable, bimolecular positive ion, while the elec- 
tron almost immediately joins a neutral molecule forming a stable, negative monomole- 
cular ion. Further, both Erikson ‘loc. cit.) and Loeb (Phys. Rev., 1931, 38, 549) were 
of opinion that the ion was a complex of relatively few molecules, two or three at best, 
and that much of the reduction in mobility was due to the attractive forces between 
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molecules and ions not resulting in cluster formation. According to Zeleny ‘ibid., 1920, 
34, 310) ions in moist air ‘are clusters which change in size under the influence of 
molecular bombardment, the life of each stage being sufficiently long.’ Schilling ‘Ann. 
Physik, 1927, 8, 23) showed that ‘ageing’ of ions did not occur in pure air or in air 
saturated with water vapour. 

Apart from changes in mobility due to cluster formation, discussed above, similar 
changes ir very short time-intervals can also be brought about by charge transfer, when 
the ionisation potential E; of one constituent of the gas is lower than E; for the ionsied 
atom or molecule (Mitchell and Ridler, Proc. Roy. Soc., 1934, A,146, 911). 

Since the discovery of ‘ageing’ of ions in air by Erikson, similar efiects have been 
observed by Tyndall and Grindley (ibid., 1926, A, 110, 314; Tyndall, Grindley and 
Sheppard, ibid., 1928, A, 121, 172), by Bradbury (Phys. Rev., 1932, 40, 508, 524) in 
several gases, by Loeb (loc. cit.), and by Tyndall and Poweil (Proc. Roy. Soc., 1931, 
A, 134, 125; 1032, A, 186, 145; Tyndall, ‘Mobility of Positive Ions in Gases’’, Camb. 
Physical Tracts, Camb. Univ. Press, 1938; Powell and Brata, Proc. Roy. Soc., 1932, 
A, 138, 1209) in other gases. Analogous but more complex effects have also been observed 
by Zeleny (loc. cit., Phys. Rev., 1930, 36, 35; 1930, 35, 1441; 1931, 88, 2239), Hamshere 
(Proc. Camb. Phil. Soc., 1929, 25, 205; Proc. Roy. Soc., 1930, A, 127, 298), Bradbury 
(loc. cit.), Fontell (Soc. Sci. Fenn. Comm. Phys. Math., 10932, 6, 6; 1931, 5, No. 23; 
1932, 6, 17), Varney (Phys. Rev., 1932, 42, 547), and Luhr (ibid., 1931, 38, 1730; 1933, 
44, 459) on ions of greater ages in air. 

A review of the vast data on ionic mobility shows that impurities, such as the 
residual vapours of the vacuum lubricants etc., present in minute traces (the elimination 
of which is beyond the usual chemical techniques) influence the mobility values to an 
appreciable extent (Loeb, ‘Electrical Discharge in Gases”, John Wiley & Sons, Inc., 
New York, 1939). ‘This is brought about by the impurity molecules (or atoms) attaching 
themselves to the ions forming clusters, or by the principle of electron capture (Mitchell 
and Ridler, Joc. cit., Kallmann and Rosen, ~. Physik, 1930, 61, 61; Tyndall and 
Powell, Proc. Roy. Soc., 1930, A, 129, 162). Loeb (op. cit.) is of opinion that ‘all the 
transformations observed so far in pure gases in times of the order of 10~* second or less 
are due to the addition of a single molecule of some active impurity’. 

The period, of an order of a fraction of a second, over which loss of mobility occurs 
in the above experiments, is of a different order of magnitude compared with that m 
the present work. Change in ionic mobility cannot therefore be fundamental to the 
marked variation, over an extended period, in i under silent discharge at constant V. 

It has been observed by Bangham and Burt (Proc. Roy. Soc., 1924, A, 105, 481) 
that the time-variation of adsorption of a number of gases, e.g., NH;, NO, C.H., SO,, 
on glass wool follows the relationship, 

S"=at, 
where S is the amount adsorbed up to the time ¢ after admission of the gas,and m and a 
are constants. In view of the dependence of Ai on the formation of an adsorption-like 
layer on the wails of the discharge vessel (vide infra), it was of interest to investigate 
the existence or otherwise of a similar relationship, viz., 
Ai" =at, 
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between Ai and?t. On taking logarithms, the above equation becomes 
m log Ai = log «+ log ft, 


so that, if the equation were applicable, the plots of log Ai (or log %Aji) against log ¢ 
should lie on a straight line. It is evident from Fig. 2, however, that log Ai—log { and 
log %4i—log ! graphs are strongly curved, except in the initial stages, correspon ding 
to the first few minutes, where the departure from straight lines is not considerable. 
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ae ce Dont era at tal 








& 7 CBSERVEL 
Oo 9 FROM att AND Zoi t CURVES 








{ os = @ —— a =a 20 : J 


Equilibrium in cases of sorption on plane surfaces is attained within a very short period 
after intrcduction of the gas. Thus, e g., Bawn (cf. S. J. Gregg, ““The Adsorption of 
Gases by Solids’’, Methuen & Co. Ltd., London, 1934, p. 18; workiug on adsorption of a 
number of gases on mica found that equilibrium was complete in three minutes at. the 
The freshly prepared discharge tubes, after having been filled with oxygen 


very most. 
During this in- 


and sealed off, were set aside, prior to excitation, for about 10 hours. 
terval the film of oxygen on the electrode walls due to physical adsorption would have 
been completely formed. 

The theory of the effect Ai as advanced by Joshi ‘Proc. Indian Sci. Cong., 1946, 
Part 11], Phys. Sec., Abst. No. 26; 1947, Part III, Phys. Sec., Abst. No. 25; Curr. 
Sci., 1046, 15, 281; 1047, 16, 19) contemplates three stages: (1) formation on the con- 
tainer walis of a boundary layer derived, in part. from adsorption of ions and excited 
molecules under the applied field, when intense enough to breakdown the gas dielectri- 
cally (above the ‘threshold potential’ V,,); (ii) electron emission from this electrode layer 
under external irradiation; and (iii) capture of these photo-electrons by the electro- 
negative elements in the discharge space to form slow moving negative ions which reduce 


iby a space charge effect. Stage (i) is fundamental not only to the Joshi effect but a 


number of other phenomena, e. g., ‘ageing’, and the newly observed periodic effect 
in N.U-H, ‘Joshi, Proc. Indian Sci, Cong., 1943, Part HU, Chem Sec., p.§1; Joshi and 
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Deshmukh, Natsre, 1945, 158, 483) and S-N, (Deshmukh and Sirsikar, Proc. Ind. 
Acad. Sci., 1948, A28, 175) interaction under electrical discharge. Evidence in support 
of the electrode layer postulate is afforded by the observed marked influence of the 
nature of the wall material (Cherian, Proc. Indian Sci. Cong., 1945, Part III, Phys. 
Sec., Abst. No. 17) on the magnitude of Aji, and of the influence of sorbed chlorine 
(Rao, Proc. Ind. Acad. Sci., 1948, A217, 72) on Aji in air. Stages (ii) and (iti) are 
instantaneous and fully reversible. It follows therefore that a time-variation in Ai 
under ‘ageing’ is determined practically entirely by the extent to which stage (i) occurs. 
Hence, the curves Ai (or %Ai)-time represent the course of the reaction occuring in (i). 
The difference in the final stationary value for Ai (or %Aji:) and the value at the comm- 
encement Ai,(or %Ai,} measures the total net production of the change, and corresponds 
to the initial concentration term a in the familiar equations for the (chemical) reaction 
velocities. Likewise, the difference in Ai, ‘or %Air) at any time ¢ and Aji, for%Ai,) 
is a measure of x, the amount changed. Results in Tabie III show that the values of 
4i for %Ai), reckoned since the commencement of ‘ageing’ under discharge for ozoniser 
C yield a sensibly constant value for the velocity coefficient k, when the equation for 
first order reactions is used. Values for Ai ‘or %Ai) used in the calculation of k were 
read off from the corresponding smooth curves in Fig. 1. The above constancy in k 
also applicable to results (not shown} obtained with freshly prepared ozonisers other than 
C, which were excited at different V. Ramanamurthi ‘Joc. cit.) has shown that the 
progressive development of Ai during ‘ageing’ under discharge in freshly prepared 
Siemens’ tubes filled with chlorine as well follows the equation for the first order reactions. 

As required for a reaction of the first order, the plots of log (a-x’} [or log ‘a’-x’)] 
against ¢ lie on a straight line (Fig. 3.)}. The values for k and k’, calculated from the 
slopes of the corresponding straight lines, are respectively 0.0229 and 0.0235. It is of 
interest that k and k’ are, within the limits of experimental error, the same. 

That the progress of Ai under ‘ageing’ follows the unimolecular law for chemical 
reactions suggests that the type of adsorption invoived in the formation of the boundary 
layer postulated by Joshi may be predominantly chemiosorption, as discriminated from 
physical adsorption. This last, attributed by Langmuir to the operation of van der 
Waals’ forces, occurs practically instantaneously (vide supra), and cannot therefore 
lead to the time-development of Ai, Chemiosorption, on the other hand, associated 
with molecules possessing high activation energy (and therefore particularly probable 
under discharge), formed with the aid of valency forces and characterised by a large 
heat of adsorption, would appear to be fundamental for the formation of the boundary 
layer. This excited gas-layer on the electrode walis therefore is a consequence of the 
molecules on the surface being activated due to ionic bombardment under discharge at 
a constant applied V and as a result undergoing a more stable condensation on the walls 
by means of electron transference or/and sharing. 

Photo-electric emission from the boundary layer is governed by a ‘work function’ 
smaller than the corresponding ionisation ~ potential in the gaseous condition. Occur- 
rence of Ai at frequencies too small for photo-ionisation therefore follows (Joshi, 
Curr. Sci., 1947, 16, 19). With continuous activation due to ionic bombardment 
under discharge (as obtains during ‘ageing’), the ‘work function’ shouid diminish and 
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FIG. 3 


“40 60 80 00 120 


t (minutes) for Log sa 


lie \ 
\ : 

be, af 4 
pe me 
fh \ x 
he \ a 
4) \ 
tine ie om 
hf \ 
i \ 
Fre \ \ 
q ™ ’ 
Irs J \ 

ot J 

Ss \ 
Rs \ 
! \ 2\ 
re \ 
be) . 
lie 
\3ep 
} 
6 
Ine t (minutes) for Log, @- x) 
Zs 10 20 a 6 80 _100 j 





log. (o-«)—; 





120 o 





Ai increase correspondingly to a stationary maximum, as observed. 


A semi-ozoniser has a small surface exposed to the gas. 


time-variation of 4: in such a system is small, as observed. 
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POTENTIOMETRIC STUDIES OF OXIDES OF MANGANESE 


By S. K. K. JATKAR AND V. B. MAINKAR 


Manganous sulphate has been titrated with potassium permanganate and vice versa, using the 
electrode system Pt/sol/K SO, sat./ N-H,SO,/Hg2SO4/Hg. The nature of the curve of E. M. F. and 
\ E/A c.c.-¢.c. confirms the formation of the known oxides of manganese. These curves would 
further indicate that in solution there are more complex changes taking place in the structure of 
manganese ion with progressive oxidation. These changes are being studied further 


There are six well defined oxides of manganese : (1) Mnvu, (2) Mn,Q0,, (3) Mn.Os, 

1) MnQ,., (5) MnO, and (6) Mn.O,;. Besides these a number of intermediate oxides have 

been reported in literature (cf. Mellor, ‘A Comprehensive Treatise on Inorganic and 
Theoretical Chemistry’’, Vol. XII, pp. 220-237). 


MnO.—Manganese monoxide or manganous oxide has been obtained by heating 
manganous salts like MnCO,, Mn ‘OH)., MnC.O, or by reducing the higher oxides in 
a stream of H, or CO. The crystals of this oxide are emerald-green. 


Mn,0,.—Manganosic oxide or trimanganese tetroxide is regarded by some as a com- 
pound corresponding to 2MnO. MnO, because of its behaviour in nitric acid. 


Mn.O0;.—Manganic oxide or manganese hemitrioxide occurs as the mineral 
Braunite. It is prepared by heating MnQ, or Mn(NQ,),. 


The hydrated Mn,Q,, i. e. Mn,O,.H,O, has also been prepared by passing air 
through a solution of a manganous salt in ammoniacal NH,Cl. It is also prepared 
by reduction of KMn, by sodium arsenite solution at 60°-70°, 


Because the dilute acids decompose it into MnO and MnO,, it has been regarded 
as MnO.MnQ,. Laspeyres (cf. Mellor, loc. cit.) supposed it to be a manganese 
salt of H,MnO, i. e. Mn;MnQ,, while Groth (‘‘Chemische Krystallographie’’, 
1906, I, p. 115) gives it a formula MnMnQ,. The hydrated oxide was regarded by 
Franke (J. praki. Chem., 1889, 27, 36, 31, 166, 451) and Zanko and Stefanovskii 
(J. Gen. Chem. USSR., 1934, 4, 404) as being constituted with bi- and quadrivalent 
manganese. 


O OH 
MnZ ung 
O OH 


MnQ,.— Manganese dioxide containing less than the theoretical amount of oxygen 
is formed by the oxidation of solutions of manganous salts. ‘This is achieved either 
chemically by oxidising agents, such as bleaching powder, persulphates, permanganates, 


etc., or by electrolytic oxidation. Hydrated MnO, was prepared by passing SO, in 
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a solution of KMnO, at 75° with a composition MnO,.H,O. Ii is also obtained 
when a manganous salt is treated with an oxidising agent. 


According to Geloso (Bull. soc. chim., 1025, 87, 641) in the titration of a solution 
of KMnO, with o.1N-sodium arsenite within a certain range of concentration of H.SO,, 
the manganese oxide is reduced tu Mn,0,; in neutral solution or with insufficient 
acid, a brown turbidity or a yellow coloration is obtained, whilst an excess of acid gives 
a pink solution, the corresponding states of oxidation of manganese ranging conti- 
nuously from MnO, through Mn,0,,, and Mn,O; to Mn.O,. But he adds that the 
variation in composition of the reduction product with various conditions proves that 
the formulae Mn;,;0; and Mn,Q,, do not represent definite compounds, the green 
solutions being a colloidal solution of Mn, with other substances adsorbed. 


A group of oxides between MnQ, and MnO has been reported. ‘These are manga- 
nous manganites or permanganites of the type MnO. nMnO,. Guyard (Chem. News, 
1863, 8, 292 ; Bull. soc. chim., 1864, ii, 1, 89) obtained 3 MnO. 2MnQ, and MnO. 5Mn(), 
(Mn,O,,) by the action of manganous salts on KMnQ, or K,MnQ,. Pickering (cf. Mellor, 
loc. cit.) obtained products ranging between 5MnQO. 16MnQ, (Mn.,0;;) and 5MnO- 
36MnO, (Mn,,0;7;). Franke (loc. cit.) Teported 2 Mn. 3MnQ0, (Mn, ); Reissig 
(cf. Melior, loc. cit.), MnO. 2MnO, (Mn,O,) ; Carnet (cf. Mellor, loc. cit.), MnO. 5MnQ, 
(Mn,0,,). The compound MnQ. 5MnO, has been obtained by many others as well. 
Spring and Lucion (cf. Mellor, loc. cit.) and Carnot (loc. cit.) obtained MnO. 10MnO, 
(Mn,,0,,) by treating a manganous salt with nitric acid. 


The reaction between permanganate and manganous salts is of very great interest. 
Guyard (loc. cit.) suggested the reaction to be 


3MnS0, + 2K MnO, + 2H,0 = K,SO,+ H,SO,+ 3Mn0. Mn,0,;. 


By adding known equivalents of a manganous salt with one equivalent of 
permanganate he obtained the following compounds: 5MnO.Mn,0, (Mn,0,,), 4MnO- 
Mn,, (Mn,O,,) and 3MnO. Mn,O, (Mn,0,,) ; the first and second are formed in the cold 
but the third in hot solution; Mn;O0,, or 5MnQ. Mn.0, of a violet-brown colour gives 
Mn,0, when calcined at high temperatures out of contact with air. Guyard calis 
these compounds manganese permanganates. 

Geloso and Dubios (cf. Mellor, loc. cit ) considered that the reduction of perman- 
ganates by manganous saltsdid not form a definite compound but there was rathera 
continuous variation in the degree of oxidation of the pseudo-dioxides formed. According 
to Baubigny ‘cf. Meilor, loc. cit.) the precipitation of manganese dioxide from an 
acid solution of a manganous salt by potassium permanganate depends on the acidity, 
on the concentration of the salt and on the temperature. The acid retards precipitation. 
The precipitate contains less oxygen than is required for MnO, owing to adsorption 
of some manganous salts and to the co-precipitation of some manganic acid. 


The purpose of the present investigation was to find out if the oxides intermediate 
between MnO and Mn,0, could be shown by potentiometrically titrating manganous 
sulphate and potassium permanganate. The scheme of reactions for the formation of 
the well known oxides of manganese in the titration may be represented as follows : 
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(1) MnSO,+4KMn0O,+H,O=Mn0O. 2Mn,0,+K,SO,+ 2KOH 


5MnQ, 
‘2) 3MnS¢ Yer. rn Mn,0,+ K,SO,+ 2 H,S0, 


5Mn0O, 
(3) SMnSO,+2KMn0O,+7H,O=8Mnv. Mn,0; + K,SO,+7H.SO, 


5Mn.0O, 
(4) 13MnSO,+ 2KMnO,+12 H.O=13 MnO. Mn,O0,+ K,S50,+12H,S0, 


5Mn,0, 
EXPERIMENTAL 
The electrode system used in this work was 
Pt! sol| K,SO, sat.| 1N-H,SO,|Hg.SO,| Hg. 


The potentials were measured on a Tinsley vernier potentiometer using a sensitive 
mirror galvanometer as null instrument. The manganous sulphate was titrated with 
permanganate and vice versa using solutions of varying acidity. 

Figures 1 to 4 show tlie plots of E.M.F. and 4 E/ Ac.c. againstec.c. The 
suminary is given in Tables I and II. Table I shows the comparison of the observed 
volume of the reagent added to obtain the required peak with that calculated on the basis 
that the precipitated compound has the formula shown. 


TABLE I 
MnO/Mn,0, 1oc.c. M/10 =—ioe. ec. M/10 to c.c. M/10 ro¢.c. M/10 =50¢.c. M/10 50 ¢ ¢. ag 
(calc.) KMn0O,4+ aq. KMnO, acid KMnO, Alk. KMnQ, MnSO, + M /10-MnSO, 
M/1c-MnSO, +M/10-MnSO, +M/10-MnSO,y + M/10-MnSO, M/io-KMnO, +M/10 
(calc). (observed). (observed). (observed) (calc.) KMnQ, 
(observed). 
0.08 0.36 c.c _ _ 0.35 €.c - = 
0.10 0.43 —_ 0.45 ¢-C — — - 
0.12 0.54 — _ — — 
0.16 0.70 — - _ — -- 
0.25 1.10 1.35 Cc 1.05 0.95 _ ~ 
0.50 MnO; 2.15 2.05 2.10 2.25 a — 
I 4 30 4-15 4.30 4-75 — 
1.5 6.45 — -~ 7.25 61.00 C.¢ 60.00 C.C 
2 8.60 8.50 _— 8.45 45.90 46.50 
3 MnOg 12.90 12.85 12.75 12.95 30.5 30.5 
35 15.95 14.90 14.45 15.25 26.10 26.3 
4 17.20 17.50 16.90 — 25. 22.90 
5 21.50 21.50 — 18.40 17.70 
6 _— = = 15.30 15.10 
7 — - 13-10 13-15 
8 Mn.O, - _ - 11.50 11.65 
10 _— - ~ — 10.10 10 55 
12 — - a + 7-79 77 
13 Mn3Q, — —_ -- -- - - 
24 - -- -— 3.8 3.20 
30 7 = _ — 2 5 > 3 , 
48 - - _ 1.90 9 


I 5 
84 — — — — 1.10 105 
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FG. 3 
Titration of alk. KMnO, with MnSQ,. 


Oxides of manganese (_ ) ratio MnO/Mn,0; 
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Table II shows the comparison of the calculated ratio of MnO: Mn,0, with that 
observed, along with the values of the peak A E / A c.c. in parentheses 


TABLE II 
Ratio of MnO/Mn,0O; (observed). 
Formula. Decimal Ratio Aq. KMnO, Acid-KMnO, Alk.KMnO, Aq.MnSO, 
formula MnO/MneO; +MnSOy,. +MnS0O, +MnSOy. +Aq.KMnQ,. 
Mn0O¥. (calc.) 

M210, MnQ3.5 — - 3 = - 

Pes _ 0.08 — _ 0.08 (-30) — 

en -- 0 10 — O.1T (20) _ — 

—- — 012 —_ —- -- - 

én ~ 0.16 — _ _— 

~ - +25 0 30 (60) 0.25 '-r0) 0.22 (-30 - 
Mny.;O7.5 MnQ3.9 0.50 0.48 (40) 0.49 (+5 0.52 (-10 
(MnO;) 
Mn,Og MnOo¢.66 I 0.97 (20 1.01 (-25) 1.10 (35) oa 
Mny.s¢Og-s Mn0Oy.45 1.50 — _ 1.68 (570) 1.52 (0.5) 
MmOg Mn039.95 2 1.99 (15) — 1.96 (19) 1.97 (1) 
Mn; Ojo MnQp.99 3 3.00 (-40) 3.00 (-7) 3.00 '8o) 3.00 (75) 
(MnQO¢) 
Mns.5Oj9-5 MnQj.9; 3-50 3 48 (-80) 3-40 {-90 3.53 (-160) 3.48 (10) 
Mng0;, Mn0;.33 4 4.08 (-35) 3-98 (-25) — 4.00 (10) 
Mn70j2 Mn0;.7; 5 ~ 5.06 (-7.5) -- 5.17 (10) 
Mng0)3 MnQ).¢9 6 — — — 6.96 (20) 
Mng 4 MnQj. +5 7 _ a — 6.96 {20) 
Mn 95 Mn0}.59 8 aed _ — 7.85 (+40) 
(Mngt )3) 
Mn)90)7 Mn( )-49 10 = _— en 86> (-30) 
Mn,4Oj9 MnO, 2 12 — ss = 11.80 (30) 
M5009 MnQ).23 13 — — —_ 
(Mn3Q0,4) 

ine -~ 24 —_ - = 28.60 (40) 

— ~ 36 _ _ _ 39.80 (80) 

- — 48 ~ -_ . 46.00 (Bo) 

— — 84 — _ _ 87 10 (160) 
MnO MnO —_ — —_ = = 

Dpiecvas108 

The hypothesis of Guyard, that by reacting manganous sulphate and permanganate 
compounds with definite ratios of MnO and Mn,O, are formed, has been substantiated 
by the present work. 

The sharp initial changes in the A E/4c.c. during the potentiometric titration of 
permanganate with manganous sulphate are due to the formation of MnQO,, which 
requires the peaks to occur at 2.15, 1.10, 0.70, 0.54, 0-43, 0.35 ¢.c. ete. most of which 
are shown prominently in the graphs, the peak corresponding to the complete precipita- 
tion of MnO, being obtained at 2.15. With further addition of manganous sulphate, 
the peaks are obtained for a compound having aratio1. But with the addition of more 
manganous sulphate to the alkaline permanganate, a strong indication (peak value 570) 
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of a complex of the ratio 1.5 is obtained. ‘This oxide, which is not reported in litera- 
ture, is also shown very feebly ‘peak value o.5) in the reverse titration. 

With further additons of manganous sulphate to aqueous and alkaline permanganate, 
peaks are obtained at ratio 2, which are also present in the reverse titration. The 
next peak occurs at ratio 3 in all the titrations corresponding to the precipitation of 
manganese dioxide. 

The strongest peak occurs at ratio 3.5 which corresponds to the oxide Mn,,O,; 
reported by Geloso ‘loc. cit.) and Guyard (loc. cit.). The point is not so prominent 
in the reverse titration. ‘The peaks for the compound corresponding to ratio 4 are 
obtained in both the forward and backward titrations except in the case of alkaline 
permanganate. ‘The corresponding oxide has been reported by Guyard. The oxide 
of ratio 5, reported by Guyard, is shown only in the acidic and reverse titration. 

The titration of manganous sulphate with permanganate shows marked periodicity 
with peaks at intervals of molecular ratios 84, 48, 36, 24 and 12 indicating the formation 
of the compound of ratio 12, the nearest known oxide being Mn,O, (ratio 13.) This 
complex is oxidised in steps of two i. e., 12—>10=~>8, the last being the known 
oxide Mn,0,. Further oxidation strangely enough goes in steps of 8-—>7->6 etc., 
corresponding oxides are not reported in literature. 

DEPARTMENT OF CHEMISTRY, 


UNIVERSITY OF POONA, Received October 6, 1950. 
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SYNTHESIS OF 7-METHOXY-3-METHYL-1-TETRALONE AND ITS 
OXIDATION WITH SELENIUM DIOXIDE 


V. V. DHEKNE AND B. V. BHIDE 


7-Methoxy-3-methyl-1-tetralone has been svnthesised, which on oxidation with selenium dioxide 
gives 7-methoxy-3-methyl-2 hydroxy-1 :4-naphthoquinone. 


In’connection with experiments on a colouring matter, being investigated in this 
laboratory, it was. thought necessary ‘o synthesise 7-methoxy-3-methyl-1 : 2-naphtho- 
quinone (lI). Further, compounds of this structure are expected to possess some 
interesting physiological properties. Weygand and Shroder ‘Ber., 1941, 74B, 1844) 
have oxidised, 3-methyl-1-tetralone by selenium dioxide and obtained 3-methyl-2-hy- 
droxy-t;: 4-naphthoquinone.(phthiocol) and 3-methyl-1 . 2-naphthoquinone. Following 
__@ similar. procedure the 7-metho.xy-3-methyl-1-tetralone (I) was oxidised by selenium 
dioxide, but the only pure product which could be isolated was 7-methoxy-3-methyl- 
2-hydroxy-1:4-naphthoquinone (IJi). 





McO ; MeO 1 O MeO ; OH 
YY YYY YYY 
SeO, 
wwe — Ff VV 
~~.” Me i Me 
(I) (II) mitt 


4-Methoxy-a-bromopropiophenone ‘Hell and Hol'enberg, Ber., 1896, 29, 688) on 
condensation with ethyl malonate gave an ester, which on hydrolysis with alcoholic 
potassium hydroxide yielded 4-(4-methoxybenzoyl)}-ethylmalonic acid. This on 
decarboxylation gave §-{4-methoxybenzoyl)-butyric acid (m.p. 155°}, which on 
Clemmensen’s reduction gave §-(4-methoxybenzyl)-buiyric acid. The acid chloride 
of 8-(4-methoxybenzy])-butyric acid on cyclisation by anhydrous aluminium chloride 
yielded 7-methoxy-3-methyl-1-tetralone (b.p. 190°-192°/30 mm.). Its oxidation by 
selenium dioxide yielded 7-methoxy-3-methyl-2-hydroxy- 1:4-naphthoquinone (m.p. 
174-75°). A deep red gum was also obtained, which, however, cou!d not be purified. 


EXPERIMENTAL 


Preparation of «-(4-Methoxybenzoyl)-ethylmalonic Acid.—a«-Bromo-4-methoxy- 
propiophenone (Hell ei al., loc. cit.) (50 g.) was added to the suspension of the sodium 
salt, prepared from powdered sodium (6 g.) and ethyl malonale (32 g.) in dry benzene. 
It was refluxed on a water-bath for 6 hours. This resulting ester was directly hydrolys- 
ed with alcoholic potassium hydroxide for 3 hours and the product obtained was worked 
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up yielding «-(4-methoxybenzoyl)-ethylmalonic acid. (Yield of the crude product was 
20 g.). The semi-solid acid, thus obtained, was purified by dissolving it in sodium 
bicarbonate and regenerating it by acidification. It was kept in ice for 3 hours, when 
a granular solid was obtained. It is soluble in ether, acetone, alcohol, and sparingly 
soluble in benzene and chloroform. It was crystallised from chloroform in needl¢s, m.p, 
155°. (Found: Equiv., 133-0; C, 58.6; H, 5.4. CisHisO« requires equiv., 133; 
C, 58.64; H, 5.2 per cent). 


Preparation of B-(4-Methoxybenzoyl)-butyric Acid.—a-(4-Methoxybenzoy])-ethyimalo- 
nic acid (15 g.) was decarboxylated at 160° in vacuum for 1 hour. The gummy semi- 
solid was taken up with ether and filtered. The ether was removed and the acid was 
purified by dissolving it in sodium bicarbonate, followed by acidification. The acid 
solidified after keeping it in a desiccator for a few days. It was crystallised frony petco- 
leum ether in needles, m.p. 70-71°. It is soluble in ether, chloroform, acetone, benzene 
and alcohol, and sparingly soluble in petroleum ether. (Found : Equivs; 224; C, 64.8; 
H, 6.4. C,,H,.O, requires equiv., 222; C, 64.86; H, 6.3 percent). Seimicarbazone, 
m.p. 186°. (Found: N, 15.2. C,,;H,;0O,N, requires N, 15 0 per cent). 

Preparation of B-(4-Methoxybenzyl)-butyric Acid.—To freshly prepared zine 
amalgam (80 g.}, taken in one litre flask, hydrochloric acid ‘conc., 100 c.c) was added and 
then §-(4-methoxybenzoyl)-butyric acid in toluene (30 c.c.) was added immediately. 
It was refluxed for 80 hours and then the product was worked up as usual. The acid, 
thus obtained, was distilled under reduced pressure, b. p. 185°-188°/20 mm. (Found: 
Equiv., 210; C, 69.1; H, 7.7. Ci2H,O; requires equiv., 208; C, 69.2; H, 7.6 per cent). 
Anilide, m. p. 91°. (Found : N, 5.2. C:s;H.1O0.N requires N,4.9 per cent). 

Preparation of 7-Methoxy-3-methyl-1-tetralone.—To 8-(4-methoxybenzyl)-butyric 
acid (8 g.) freshly distilled thionyl chloride (40 c. c.) was added. It was refluxed on a 
water-bath for 3 hours and the excess of thionyl chloride removed and the acid chloride 
distilled under reduced pressure, b. p. 138-140°/40 mm. 


The acid chloride (6 g.) was dissolved in dry and freshly distilled carbon disulphide 
(20 c. c} and the mixture was transferred to a round-bottomed flask carrying a calcium 
chloride guard tube. Anhydrous aluminium chloride (6 g.) was added to it in small lots 
when gaseous hydrogen chloride was evolved. lt was kept at room temperature 
overnight, and on the next day it was heated on a water-bath till the evolution of 
hydrogen chioride had ceased. It was then decomposed with ice and hydrochloric acid. 
The oily layer which separated was extracted with ether and washed with 10% 
sodium hydroxide solution and finally with water. ‘The ether extract was dried over 
anhydrous Na,SO, and the ether removed. The tetralone, thus obtained, was distilled 
under reduced pressure, b.p. 190°-192°/30 mm. (Found: C, 75.4; H, 7-5. Cy,H,.O, 
requires C, 75.7; H, 7.3 percent). It gave a semicarbazone, m.p. 245°. (Found: N, 
16.9. C,3H,,O.N, requires N, 17.0 per cent). 

Preparation of 7-Methoxy-3-methyl-2-hydroxy-1 : 4-naphthoquinone.—7-Methoxy- 
3-methyl-1-tetralone (1.8 g.) was dissolved in 20 c.c. of boiling alcohol and selenium 
dioxide (3.6 g.) was then added to it and the mixture refluxed for 6 hours, when all 
the selenium settled at the bottom of the flask. ‘The selenium was removed by filtration 
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and the’ filtrate concentrated. It was then poured into ice-cold water when a red solid 
separated which was filtered and dissolved in ether and extracted with alkali. ‘The 
éther extract (A) was worked up separately. The alkaline extract was separated and 
acidified when a yellow granular solid separated. It was then taken up in ether and 
washed with water. The ether extract was dried over anhydrous magnesium sulphate 
and the éther removed. The yellow solid obtained was crystaliised from benzene in 
plates,m.p. 173-74°. The yield of the pure product was 0.3 g., m.p. 174-75°. It is 
soluble m ether, chloroform, acetone and alcohol, and sparingly soluble in benzene and 
petroleum ether. it gave a red coloration with ferric chloride. (Found: C, 65.6; 
H. 5.5. Cy2H,,0, requires C, 65.46; H, 5.4 per cent}. 

On reductive acetylation it gave a triacetate, m.p. 176°. ‘Found: C, 62.1; H, 
5-5+ CisH.s0, requires C, 62.4; H, 5.3 per cent). 

Product obtained from Ether extract (A).—On removal of ether, a deep red gum 
was isolated, but it did not crystallise nor did it give a semicarbazone. 


MAHARAJA PRATAPSINH CHEMICAL LABORATORY, Received March 30. 1951 
Srr PARASHURAMBHAU COLLEGE, POONA 2. 
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CONDENSATIONS OF ARYL DIAZONIUM SALTS WITH REACTIVE 
UNSATURATED COMPOUNDS. PART IV. ACTION OF 
ARYL DIAZONIUM CHLORIDES WITH 
a-METHYLACRYLIC ACID 


By M. KrisHNAMURTI AND Kunj Bewari LAL Matuur 


With a-methylacrylic acid (R=Me), CH,=C (R) COOH (I), the diazo reactions go to yield 
a-methyleinnamic acids, showing 8-arylation. This clarification was needed in connection with a 
study of itaconic acid (I, R=CH,COOR), also carrying an a-substituent 


Rai and Mathur (this Journal, 1947, 10, 413) reacted various aryl diazonium 
chlorides, carrying a negative substituent, with acrylic acid in the presence of sodium 
acetate and copper chloride and found that the reaction afforded workable yields of 
cinnamic acids: 


ArN, Cl+ CH,.==CH —-COOH = ArCH==CH-COOH +N, +HCl 
B re f a 


The traces of the a-chlorinated hydrocinnamic acids which might have also formed 
in the reaction seemed to have reverted to the unsaturated acids readily. The use of 
acetone advanced by Meerwein and co-workers ‘J. prakt. Chem., 1939, ti, 1652, 237) 
for such reactions was found to be unnecessary with acrylic acid. Also, in the formation 
of cinnamic acids by this procedure, the aryl group had linked itself in a way confor- 
ming to Koelsch’s 8-arylation rule (J. Amer. Chem. Soc., 1944, 66, 413). 

The occurrence of 8-arylation (Koelsch, loc. cit.) in the case of certain «8-unsatura- 
ted carbonyl compounds 


R-CH> CH -X, (R=alkyl ; X= —COOH, —COOEt, —CN) 
has so far been observed with those compounds only which do not carry any substituent 


in the %-position. However, in connection with the study of a reaction of p-chloro- 
benzene diazonium chloride with itaconic acid 


oa: ee 
B 
a 


it became imperative to know definitely if in an acrylic acid having a substituent « to 
the carboxylic group, the reactivity of the double bond and the orientation of the aryl 
group were in any way different from those found in the parent acid. ‘To decide these 
points, p-chlorobenzene diazonium chloride and certain other aryl diazonium chlorides 
have been condensed with «-methylacrylic acid and the results are recorded in the 
present communication. 

When p-chlorobenzene diazonium chloride is reacted with a-methylacrylic acid 
in the presence of copper chloride and sodium acetate, the solid reaction product upon 
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extraction with aqueous sodium bicarbonate gives an unsaturated monobasic acid 
(m. p. 119). That this acid is p-chloro-4-methylcinnamic acid is shown by its identity 
with the acidic product obtained by reacting p chlorobenzene diazonium chloride with 
citraconic acid. The latter reaction, as is already known in other cases (cf. Dhingra 
and Mathur, this Journai, 1947, 25, 123), must have yielded the above named acid 
according to the equation formulated below. 


ag 7 JH COOH 


| 
Cl. CoH,.N,.Cl HC=—=C-CH, ——> HC=—C-CH,+N,+CO, + HCl. 


C1.{C.H,) 


Results similar to that of the p-chlorobenzene diazonium chloride are obtained by 
working with p-nitro- and m-nitrobenzene diazonium chlorides and 8-naphthalene diazo- 
nium chloride, th: products being a-methyl-8-arylacrylic acids. Their identity has been 
established with the corresponding acids which can be obtained by reacting the above 
diazonium halides with citraconic acid (vide Dhingra and Mathur, loc. cit.) Oppore 
tunity has thus been taken to do the latter reactions all over again, but using no acetone 
whereby the cinnamic acids have been obtained in improved yields. 


In the reactions with p-chlorobenzene diazonium chloride, no intermediate halogen 


adduct e. g., - 
COO 


| 
Cl. C,H,.CH,—C-CH,; 
Cl 


has been isolated. Neither is there any indication of the formation of an unsaturated 
hydrocarbon e. g., p-chloroisopropenylbenzene CH, C(CH,;,—C,H,Ci, which would 
have been present in the reaction mixture if coupling were « to the COOH group. 

The results substantiate the fact that the aryl group would be oriented to the (- 
position, even when there is an alkyl group present «to the COOH group in acrylic 
acid thus : 


ee Se 
+ 
CH, CH; 


However, if the yields of the acids from the methyl compound are compared with 
those from acrylic acid, they are found to be lower. 


TABLE I 

, Yield with (M/40) 
Amine diazotised. a-Methylacrylic acid. Acrylic acid. 

(M/40) 
p-Chloroaniline 12.02% 27.8% 
p-Nitroaniline 20.26 60.1 
m-Nitroaniline 11.8 28.3 
8-Naphthylamine 8.6 10.05 
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An alkyl substituent in the position « to the COOH group thus appears to weaken 
the response for radical attacked in an acrylic acid. 


EXPERIMENTAL 


The citraconic anhydride needed for the preparation of a-methylacrylic acid and 
citraconic acid ueeded for some experiments were prepared by the method of Shriner, 
Ford and Rolls (“‘Org. Syn’’., Coll. Vol. II, 1943, p- 140). 

For the preparation of an aqueous solution of a-methylacrylic acid, the following 
procedure was adopted. Citraconic anhydride ‘40 g.) was saturated with bydrogen 
chloride gas at ordinary temperature (vide Fittig and Landolt, Annalen, 1877, 188, 83). 
After keeping in the referigerator for 2 nights #-chloro-«-methyisuccinic acid separated 
‘m.p. 129°.) The latter was first neutralised with aikali and then made fairly alkaline 
and boiled under reflux (cf. Fittig and Prehn, ibid., pp. 41, 51) for 3 or 4 hours. It 
was then treated with excess of dilute sulphuric acid (2N! and steam distilled till 
about 600 c.c. of the distiliate were obtained. ‘The latter reacted strongly acidic and 
showed unsaturation. The sodium salt (2.05 g.), prepared out of a little portion of 
the distillate, gave on ignition with sulphuric acid 1.33 g- Na,SO,. (Found: Na, 21.01. 
C.H;O,Na requires Na, 21.3. per cent). The amount of a-methylacrylic acid in 
the solution was determined alkalimetrically. According to analysis, 1oo c.c. of the 
aqueous solution were to be used for reacting an M/40 acid. 

Condensations of p-Chlorobenzene diazonium Chloride with «-Methylacrylic Acid.— 
p-Chloroaniline (3.2 g., M,/40) in 2.5 times the molecular proportions of hydrochloric 
acid was diazotised in the usual manner (total volume ca. 35 v.c.). The filtered diazotised 
base was added to the aqueous solution containing «-methylacrylic acid (M/40, 100 c. c. 
soln.) and copper chloride ‘1 g.) and sodium acetate (5.75 g.) in water (20c.c.) The 
reaction mixture was stirred throughout and the temperature maintained at about 30°-35°. 
There was a brisk, effervescence for } hour and it went on slowly for further 3 to 4 hours. 
The reaction mixture was filtered ; the black solid residue was washed with a little 
water and finally extracted with cold 10% sodium bicarbonate solution. The extract was 
acidified with hydrochloric acid, when an acid separated, yield 0.6 g. It did not contain 
any halogen removable by strong aqueous caustic soda. The acid was recrystallised 
from water as needles, m. p. 119°. It decolorised 1% potassium permanganate and 
bromine water. {Found: Equiv., 193.5; Cl, 17.82. CsH,U.Cl requires equiv., 196.5; 
Cl, 18.05 per cent). 

The sodium bicarbonate-insoluble matter was extracted with ether, the ether layer 
washed with aqueous alkali and then with water and the ether removed. A very small 
amount of an oily matter remained, which did not decolorise 1% permanganate. 

Condensations of p-Chlorobenzene diazonium Chloride with Citraconic Acid in the 
presence of Sodium Acetate and Copper Chloride, but without Acetone.—The diazotised 
amine (M/40) was condensed with citraconic acid ‘3.25 g-, M/40) in the presence of 
cupric chloride (1 g.) and sodium acetate (5.75 g.), the total bulk of the reaction mixture 
being about 50 c.c. The solid separating was extracted with aqueous sodium bicar- 
bonate as before, and tle extracted acid liberated with hydrochloric acid, yield 1.7 g. 
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(34%). It was recrystallised from hot water in needles, m. p. 120°. (Found: Equiv., 
195 ; Cl, 17.8.C,H,O,CI requires equiv., 196.5 ; Cl, 18.05 per cent). Mixed m. p. with the 
b-chloro acid obtained from «-methylacrylic acid, 119°. 

Condensations of p-Nitro-, m-Nitrobenzene diazonium Chlorides and 8-Naphthalene 
diazonium Chloride with «-Methylacrylic Acid.—The respective diazotised bases 
(M;40) were condensed with a-methylacrylic acid (M/ao, 100 c. c. soln.), the experi- 
ments having been conducted in the manner similar to that of the p-chloro analogue. The 
resulting unsaturated acids were isolated after keeping the reaction mixture overnight, 
but the yields varied on longer standivg. The resu!ts are recorded in Table II. 


Taste II 
Unsaturated monobasic acids. a-Methy!-8-arylacrylic acids 

Amine A (From a-methylacrylic acid) (From citraconic acid) 
diazotised Yield Equiv. weight 

(M/40). M.p Found. Cale M.p & mixed m p. with (A) 
p-Nitroaniline 1.0 g. 20.26% 207° 202 207 207° 
m-Nitroaniline o 62 11.8 195 203.4 207 196 
B-Naphthylamine 0 46 8.6 117-22° 206 212 117-22° 


The nature of the avids was decided by running parallel experiments with citraconic 
acid; these were done previously in the presence of acetone (vide Dhingra and Mathur, 
loc. cit.) but in the present investigation its use was omitted. ' By this omission the yields 
of the cinnamic acids could be improved by about 20 to 50%. 

The authors desire to thank Prof. T.R. Seshadri, Ph. D., F. R. 1. C., F.A.Sc, 
F. N.1., Head of the Department, for facilities. 
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ANALYTICAL CHEMISTRY OF THORIUM. PART VIII. ALIPHATIC 
DICARBOXYLIC ACIDS 


By T. V. S. SURYANARAYANA AND Bu. S. V. RAGHAVA RAO 


In a study of the behaviour of aliphatic dicarboxylic acids, succinic acid is found to form a complex 
with thorium, and thus lead to loss of thorium. Further, at the p" of optimum precipitation of thorium, 
the cerite earths also precipitate. Adipic acid is shown to precipitate quantitatively and free thorium 
after a double precipitation from the cerite earths in the p® range 4.2 to 4.4 Thorium in monazite has 
been successfully estimated in this way. 

James and Smith (J. Amer. Chem. Soc., 1912, 34, 281) first employed sebacic acid 
for separating thorium from cerite earths. Metzger ‘ibid., 1902, 24, 901) used fumaric 
acid in 40% ethanol with success for the same purpose. Gordon, Vanselow and 
Willard (Anal. Chem., 1949, 21, 1323) observed that many dicarboxylic acids, while 
slow to react at ordinary temperatures, gave at high temperatures (70°-85°) gelatinous 
precipitates with neutral thorium solutions. These latter investigators while advocating 
the use of tetrachlorophthalic acid, record experiments in which succinic acid at a pu 
3.3 precipitated only 80% of thorium; dibromosuccinic acid behaved more or less 
in the same way. Adipic acid was also reported along with other aromatic acids to 
have produced a gelatinous precipitate. 

It is known that oxalic acid, the first member in the series, precipitates quanti- 
tatively thorium although it gives no separation from the rare earths, and sebacic acid, 
a higher homologue (CH,),(CUOH),;, precipitates thorium completely and further 
gives good separation from the rare earths. One naturally expects a behaviour similar 
to that of sebacic acid with intermediates of higher molecular weight and an approach 
to that of oxalic acid in the case of lower homologues. This paper describes experiments 
conducted with succinic and adipic acids. While the latter behaves in a normal manner 
conforming to expectation, the other, succinic acid, presents a peculiar behaviour. 


EXPERIMENTAL 


The preparation of thorium and cerite earth solutions was described earlier 
(Venkataramanaih, Satyanarayanamurty and Raghava Rao, this Journal, 1950, 27, 81). 
Succinic acid, adipic acid and ammonium acetate were either Merck’s guaranteed 
reagents or of B. D. H. AnalaR. 

Succinic Acid 


When neutral or slightly acid thorium nitrate and succinic acid solutions are brought 
together in the cold, there is no precipitation, but, on heating, there appears at about 
50° a slight turbidity, a gelatinous precipitate between 70° and 80° which transforms 
itself into a finely divided crystalline substance on 15 to 20 minutes’ boiling with 
constant mechanical stirring. The precipitation is not quantitative in agreement with 
the findings of Gordon et al. ‘loc. cit.).. This depends upon two factors: (a) the px of 
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the solution and (b) the relative amount of the precipitant added. In the first instance 
a large excess of the precipitant is required, although, above a certain limit a slight 
dissolving action, presumably due to complex formation, may be noticed. Thus, when 
0.0609 g. of ThO, was precipitated with 1, 2, 6 and 1o g. of succinic acid in a volume 
of 200 ml., 0.0507, 0.0523, 0.0535 and 0.0528 g. respectively of ThO, were weighed. 
The effect of fx is indeed more marked and is indicated in the data below. The p, 
was increased by the addition of suitable quantities of ammonium acetate, keeping the 
volume of the soijution the same. 


TABLE I 


ThO, taken=0.0609 g. Succinic acid added=r g. 


pu of the finalliquid... Se 3.2 3-9 4.5 4.9 5.1 
ThO, added (g.) oes 0.0530 0.0587 0.0593 0.0597 0.0602 0.0593 
Thorium pptd. (%) ped 87.0 96.4 97-4 98.0 98.9 97-4 


Two important facts emerge out of these data. On the one hand, while increasing 
the fx up to 4.9 favours precipitation of thorium, further increases lead to loss of 
thorium. This once again arises out of the solvent action of ammonium succinate 
formed in solution. This effect has been noticed in a more marked manner in precipita- 
tion directly with ammonium succinate. When 0.0609 g. of thorium was precipitated 
with 1 g. and 4 g. of ammonium succinate separately, the thoria precipitated atnounted 
to 0.0604 g. and 0.0580 g. respectively, pointing to definite solvent action or complex 
formation. 


Secondly, at the optimum fsa of 4.9 the precipitation of thorium is not complete, 
and even if it were, the reaction would be of no value in the separation of cerite earths 
since the latter precipitate appreciably at this pu. 


Adipic Acid 


When a neutral solution (Congo-red indicator) of thorium nitrate is mixed with a 
solution of adipic acid in the cold, there results no precipitate ; on adding a small amount 
of ammoniuin acetate most of the thorium is precipitated as a gelatinous mass proceeding 
to completion after heating for 15 minutes on a boiling water-bath. The precipitation 
of thorium by adipic acid proceeds best in the pa range 4.2 to4.4. The following 
procedure is recommended. 


The thorium solution (containing about 0.1 g. ThO,) is neutralised te Congo red 
and diluted to roo ml. Adipic acid (1 g.) in 50 ml. of water is then added, followed 
by solid ammonium acetate ‘9.25 g.) The solution is heated on a boiling water-bath 
for 15 minutes. The resulting gelatinous precipitate is set aside to settle, filtered 
through Whatman No. 42 and washed with 0.5% solution of adipic acid. This is 
then ignited and weighed as Th0O,. 


Table II gives the results of some test estimations made in this way. 
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TABLE II 
ThO, taken ‘g.) - 0.1218 0.06¢9 0.0305 0.0203 0.0061 
ThOy estimated (g.)... 0.1220 0.0611 0.0304 0.0200" 0.0062" 
Diff (mg.) ... ooo §=+0.2 +0.2 0.1 —0.3 TO! 


The total volume was kept at half and the reagent added was also half the usual amount. 


Separation from the Cerite Earths (Double Precipitation) 


Thorium may be freed completely from the cerite earths by precipitating a second 
time. The first precipitate of thorium adipate is partially washed; it is then dissolved 
in 20 ml. of hot 1:1 nitric acid by pouring the liquid several times through the filter 
and catching the filtrate in the original beaker. The filtrate and washings are 
neutralised carefully to Congo red and the precipitation is repeated. 

The thoria obtained on a single precipitation is largely contaminated with the ceria 
earths and this impurity increases with the amount of the ceria earths originally present. 
This is evident from the data in Table III a. 

Results obtained after a double precipitation are shown in Table III B. 


TABLE IIIA 


Single precipitation. 


Expt. No. [hOg present. Cerite earths added. ThOg estimated. Difference. 
1 0.9609 g 0.0995 &- 0.0025 g. 0.0019 g. 
2 0.0609 0.0995 0.0631 0.0021 
3 0 0609 0.4975 0.0705 0.0096 


TABLE IIB 
Double precipitation. 


ThO, taken. Cerite earths PhO, Diif. ThO, Cerite ThO Diff. 
added. estimated. - taken earths added. estimated 
0.0669 g. 1.0995 g 0.0611 g. +0.2 mg. 0.0609 g 0.5970 g. 0.0612 g +o.3mg 
© 060g 0.16% 0.0612 +0.3 0.0061 0.0597 0.0062 +0.1 
0.0609 0.39%0 0.0611 +0.2 © 0061 9.0935 0.0061 0.0 
0.0609 0.4975 0.0611 +0.2 


Composition of the Precipitate 


For this purpose the precipitate was finally washed with water and dried to a constant 
weight atr1o5°. On ignition to the oxide, different samples gave a slightly differing 
ratios of ThO,: Th adipate. ‘These values point to the formuia 
O=Th (00C), (CH,),, 3H,O but it cannot be utilised in direct weighing of the precipitate 


Solubility of the Precipitate 


It is known that ammonium acetate in addition to its useful buffer action, sometimes 
exercises a deleterious effect by forming a soluble compiex with organic precipitates of 
of metals. (Funk, Z. anal. Chem., 1942, 123, 241). Although the complete recovery of 
thorium suggests that this action, if it be present atall, should be of negligible magni- 
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tude, the following semi-quantitative experiments were performed to obtain more definite 
information. ‘The thoroughly washed, moist thorium precipitate from the filter was 
shaken up for several hours with ammonium acetate solutions of varying concentrations 
both in the presence of adipic acid and without it. After settling, the clear supernatant 
liquid was pipetted out and analysed for thorium with the following results. 


TaBLe IV 
Conc of Am. acetate Test for, ThOg. Approx. amount of ThO, Remarks. 
soln. present in 100 ml. 
5% Turbidity with oxalic 10 mg. Precipitate collected, 
acid. washed and ignited 
to oxide. 
1% (1) Only opalescence 3-5 Comparison with standard. 
with oxalic acid 
(2) Colour with 3.0 
Alizarin-S 
0.25% Very faint colour with 0.5 Colorimetric 
Alizarin-S 
5% Am. Ac +1 g. of Colour with Alizarin-S 1.0 Do 
adipic acid in 100 ml. 
of the soln. 
1% Am Ac.+1 g. of Very very faint colour 0.2 Do 
adipic acid in 100 ml. with Alizarin-S 
of the soln. 


It would thus appear that ammonium acetate in 1"rge excess forms complexes with 
thorium adipate but the amount thus formed is smali and its already low solubility is 
further reduced by the presence of adipic acid. The loss of thorium on this count is 
none or insignificant. 


Estimation of Thorium in Monazite 


The method has been applied to the estimation of tho1ium in monazite. A sample 
of Travancore monazite was treated as described in Part I of this series (this Journal, 
1950, 27, 457) and the phosphate-free extract was precipitated with adipic acid. The 
results are shown in Table V. Results obtained with the classical m-nitrobenzoic 


acid procedure (Neish, Chem. News, 1904 90, 196) are also shown for comparison. 


TABLA V 
m-Nitrobenzoic acid. Adipic acid method. 
method. 
Monazite soln taken. ThOy, estimated. ThOy, estimated. % ThO, in monazite. 
10 ml. 0.1015 g. 0.1010 g 8.08 
10 0.1015 0.1014 8.11 
20 0.2031 0.2026 8.10 
20 0,203! 0.2028 8.11 


Mean 8.10 


CHEMISTRY DEPARTMENT, 
ANDHRA UNIVERSITY, Received March 10, 1951. 
WALTAIR. 
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ANALYTICAL CHEMISTRY OF THORIUM. PART IX. DELAYED PRECIPI- 
TATION OR PRECIPITATION FROM HOMOGENEOUS SOLUTION 


By C. LAKSHMAN Rao, M. VENKATARAMANIAH AND Bs. S. V. RAGHAVA Rao 


Two new reagents for the estimation of thorinm and its separation from cerite earths have been 
described. One, ammonium picrate, precipitates thorium completely in the pa range 4.8 to 5.20n 
heating for about 15 minutes on a boiling water-bath. ‘his precipitation takes place gradually during 
heating and exhibits a behaviour similar to that of precipitation from homogeneous solution studied 
bv Willard and co-workers. ‘The second reagent, ammonium salt of 2:4-dinitrophenol functions satis- 
factorily in the p# range 4.8 to 5.2. Thorium in monazite has been successfully estimated employing 
both reagents. 


With few exceptions (oxalic acid, iodic acid), all reagents for thorium give floc- 
culent precipitates, which present some difficulty in filtering aud washing. A precipi- 
tate, though flocculent, when formed slowly, is more dense, carries less of the mother- 
liquor and is less difficult to further purify by washing. Slow precipitation, hydrolytic 
or otherwise, at higher temperatures has of course its disadvantages, particularly the 
formation of an adherent film of the hydrous oxide or the basic salt which a policeman 
cannot disengage but requires more drastic treatment with acids. The technique has, 
however, engaged attention and has yielded valuable results in the hands of Willard and 
his co-workers (Anal. Chem., 1948, 20, 165). The precipitation of thorium by ammo- 
nium pictrate partakes of some of these characteristics. 

Picric acid was first employed by Speter (Cont. Met. Chem. Eng., 1926, 1, 83) for 
the estimation of zirconium. Metzger (J. Amer. Chem. Soc., 1902, 24, 901) investigated 
the applicability of the reagent to thorium and found it unsuitable. The high strength 
of the acid probably stands in the way of the precipitation of the thorium salt, for, when 
the acid is neutralised with ammonia or ammonium picrate is employed, partial precipita- 
tion occurs. Thus, when ammonium picrate is added to a neutral or very slightly acid 
solution ‘Congo red) of thorium nitrate a coarse precipitate results, but the thorium 
recovery is only 70% or thereabout. If further ammonium acetate is present in solution, 
there is no precipitation in the cold. Asthe temperature is raised (on a water-bath), 
slow precipitation begins and is complete after 15 minutes over a vigorously boiling water- 
bath. ‘The precipitate is dense and settles rapidly. 


ExPERIMENTAL 


Ammonium Picrate 


Ammonium picrate was prepared by repeated evaporation on a water-bath of picric 
acid with silica-[ree ammonia and crystallisation of the product twice from water. 

Precipitation of Thorium: Procedure (I).—The thorium solution was neutralised to 
Con20 red indicator, diluted to about 100 ml. and the pa of the liquid was adjusted to 4 8 
to 5.2 with 10% ammonium acetate solution. To this were next added roo ml. of a cold 
1% solution of ammonium picrate and the mixture heated on a boiling water- 
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bath for about 20 miuutes during which all the thorium was precipitated. The precipi- 
tate was then allowed to settle, filtered through a Whatman No. 42 filter, washed with 
a cold 0.1% solution of the reagent, ignited and weighed as ThO,. 

The amount of ThO, recovered by this means is low by nearly 2 mg. The thorium 
precipitate forms an adherent film, which is invisible, on the sides and bottom of the 
beaker. This can be recovered only by treatment with hot 1:1 hydrochloric acid and 
precipitation with ammonia. During the acid treatment, however, some silica (less than 
1 mg.) from the beaker gets into solution and is precipitated by. ammonia. The thoria 
thus recovered needs further treatment with HF and H,SO, to render it silica-free. 

Procedure (II): Recovery of Thoria from the beaker.—To the beaker after removal 
of the thorium precipitate were added 10 mI. of concentrated hydrochloric acid and heated 
over a small flame for 5 minutes. The beaker was covered with a watch glass to mini- 
mise evaporation: On cooling, redistilled ammonia was added until neutral to Methy! 
red indicator. The precipitate formed was filtered through a small filter, washed, and 
ignited. ‘The ignited residue on cooling was moistened with 3 to 4 drops of HF and 
4 drops of concentrated sulphuric acid, heated first slowly and then ignited strongly. 
The weight of the residue was added to that of the original oxide. 

The results are shown in Table I. Ina few cases the minor thorium residue was 
weighed prior to HF —-H,SO, treatment to form an idea of the amount of silica detached 
from the beaker. ‘These results are shown in Table I a. 


TABLE I 
No. ThO, taken. ThO, weighed Total 
Major fraction. Minor fraction. 
. 0.0696 g. 0.0678 g 0.0016 g. 06942 
2 0.0606 0.0682 0 0017 1.0690 
F 0.0606 0.0679 0.0017 0 0696 
4 a 6696 0.0677 0.0018 0 069 
5 0.0696 0 0683 0.0013 0.0696 
6 0 0606 0.0680 0.0015 © 0695 
TABLE IA 
Silica extracted from the beaker. 
No ThO, taken. wt of minor fraction Wt. of ThO, after Wt. of < 
; of ThO, (impure). removal of SiO, f silica 
. 0.0606 g. 0 0030 g. 0 0018 g. 0.0012 mg 
2 0.0696 0.0024 0.0016 0.0008 
0.0696 ; 0.0027 0.0015 0.0012 
4 0.0696 0.0024 0 0013 0.0011 


Separation of Thorium from Cerite Earths.—'lhorium may be freed from the cerite 
earths with the aid of this reagent. When precipitated as above, small quantities of the 
cerite earths are carried by thorium, which are, however, removed in a second precipitation. 
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Double Precipitation.—The precipitate of thorium picrate was transferred along 
with the filter to the original beaker and digested with 20 ml. of hot 1:1 hydrochloric 
acid; the filter was macerated, and the excess acid neutralised with ammonia to Congo 
red. After dilution to 100 ml. the p» of the liquid was adjusted to 4.8 to 5.2 with 10% 
ammonium acetate solution, and precipitation of thorium wasthen repeated. Afte1 
removing the precipitate, the thoria sticking to the beaker was treated as described 
earlier and its wieght added to that of the main thoria. Results obtained in this way 


are shown in Table II. 


Tape JI 

No. ThO, taken RO, added. ThO, obtained. Diff. 

I 0.0696 g. 0.1480 g. 0.0694 g —0.2 mg. 
2 0.0696 0.2960 0.0697 +O.1 

3 0.0696 © 5920 0.0696 — 

4 0.0348 0.4440 0.0350 +0 2 

5 0 0130 0.1480 0.0140 +0.1 

6 0.0139 0.2220 0.0140 +0.1 


Estimation of Thorium in Monazite.—Thorium in monazite was estimated after a 
double precipitation from phosphate-free extract of a sample from Travancore (cf. this 
Journal, 1950, 27, 456). In Table II] are recorded results of 4 such estimations along 
with two made with m-nitrobenzoic acid (Neish, Chem. News, 1904, 90, 196). 


TABLE III. 
Wt. of sample % ThOs obtained. 

m-Nitrobenzoic acid Ammonium picrate. 
1.0024 g 8.24 _ 
0.gQ40 8.20 = 
0.9910 8 25 
©.9828 - 8.21 
0.9980 , 8.19 
1 o1s0 _— 8.23 

Mean §.22 8.22 


Ammonium salt of 2:4-Dinitrophenol 


The behaviour of this salt towards thorium is similar to that of ammonium picrate. 
On the addition of the reagent in the cold, however, thorium is partially precipitated 
which becomes complete only on heating over a boiling water-bath. Precipitation, 


* The ammonium salt of 2:4-dinitrophenol was prepared by repeated evaporation of 2:4-dinitro- 
phenol with silica-free ammonia on a water-bath and crystallisation of the product twice from water. 
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washing and recovery of adherent thoria are carried out in the same manner as with 


ammonium picrate. 


thorium in monazite are shown in Tables IV, V and VI respectively. 


No. 


> w 


naw 


Wt. of sample. 


1.€024 g- 
0.9940 
0.8478 
0.9170 
o 8010 
0.7860 


’ TABLE 1V 


Estimation of thorium. 


ThO, taken. ThO, weighed. 
Major fraction. Minor fraction. 
0.0606 g. 0.0678 g. 0.0017 g. 
0.0696 0.0680 0.0016 
0.0348 0.0334 0.0014 
0.0348 0.0332 0.0034 
TABLE V 
Separation of thorium from cerite earths. 


ThO, taken. R,0; adeed. 
0.0666 g. 0.0740 g- 
0.0696 0.1480 
0.0348 0.148% 
0.0348 0.2220 
0.0348 0.2960 
0.0348 0.3700 

TasLE VI 


ThOg obtained 


0 0696 g. 
0.0698 
0.9347 
0.0359 
oO 0348 
0.0346 


Estimation of thorium in monazite. 


% ThO, obtained. 


m-Nitrobenzic acid. 


8.24 
8.20 


CHEMISTKY DEPARTMENT, 
ANDHRA UNIVERSITY, 
WALTAIR 





Results of test estimations, of separations and of estimations of 


Total. 


0.0695 g- 
0.0606 
0.0348 
0.0346 


Diff. 


+0.2 Mg. 
—0.1 


+0.2 


Ammonium salt of 2;4- 


dinitrophenol. 


8.18 
8.24 
8.23 
8.26 
Mean & 23 


Received March 19, 1951. 
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TEMPERATURE AND FLUIDITY. PART I. THEORY 
By Asoxe KuMAR MUKHERJEE 


An equation has been deduced connecting fluidity of liquids with temperature, based on the concept of 
free volume, by the application of statistical thermodynamics. 


In previous communications (this Journal, 1949, 26, 493 ; 1950, 27, 509; 1051, 28, 
363) a relationship between fluidity and free volume has been outlined. The purpose of 


the present paper is to deduce an equation connecting the fluidity of liquids with tempera- 
ture through the concept of free volume by the application of statistical thermodynamics. 


Fluidity and Free Energy 


To connect these two entities we should first take into account the partition function 
of a liquid molecule. ‘This is given by the formula 


8 
jy= EET Vy, fy eSBIRT  @) 
where f; is partition function of a liquid molecule, f, and f, are the vibrational and 
rotational contributions to it ; V: is the free volume of the liquid and AEo, the internal 
latent heat of vaporisation, i.e., the difference in energy between the gas and the liquid 
at absolute zero (cf. Eyring and Hirschfelder, J]. Phys. Chem., 1937, 41, 249). 

It is now possible to connect fluidity and free energy through this partition function 
of a liquid molecule in the following manner. It has already been shown that the 
fluidity (¢) and free volume (V;) are related with each other at ordinary temperatures 
and pressures by a linear relation 

9 = AV;, ~~ (2 


where A isa constant (vide this Journal, 1951, 28, 365). 


Substituting the value of I’: from equation (1) we get 


3 Ah?f,.¢~ S¥0/RT 
** ‘axmkT 1}, .fe 
We know that the free energy of one gram-mole of a substance consisting of N 
indistinguishable molecules is given by 


G =-RTin({/N) 


wee (3) 





where f is the partition function of one molecule 
or G=—RTIl(nf;/N) 


or fy =N.exp(—G/RT). 
5—1777P—9 
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Substituting this value of f; in equation (3) we get 
NAh*e~ SEe/RT 
lonmkT)*f,.f, 


. e~ G/RT w+ (4) 


This equation (4; connects free energy directly with fluidity of a liquid. Hence- 
forward it is proposed to extend this equation to different problems connected with 
fluidity and its influencing factors. 


Dependence of Fluidity on Temperature 
Starting from equation (4) and taking logarithm on both sides, we get 


se bs | 7 
Nae a log fy —log fe- SE, +G eee (5) 
2mmk)# 


log ¢+8 log T = log ra03RT 
303 


The equation involves both G and T. ‘The fluidity is therefore not oniy a function 
of T but of G as well. Again, G being a function of temperature and pressure, at 
constant pressure G will change as the temperature changes. Fluidity 9 is thus.a 
complicated function of T. 

As a first approximation, it is permissible to take G to be a linear function of T 
of the form 

G=p+ AT wi ZB 
where » and A are constants. 

Substituting for G in equation (6) we get 


NAh*® _ SE, +u+AT =a+8/T ve 49) 


] +%§ log T = log ———_— ae 
pay tnahey ~ (ammk) af pf, 2.303RT 


where « stands for 


og__NAM? 
farmk)i fof,  2.303R 


—SEo~p 


f 
and B for shoal 


We shall now examine different terms in the right hand side of the equation (7). 


The first term involves rotation ‘and vibration partition functions of the substance in 
the gaseous state. ‘They are also functions of temperature. Rotational and vibrational 
energies are in general small, and hence, the corresponding partition functions should also 


be small. 

In condensed systems, moreover, there is little scope of rotation. All the rotational 
degrees of freedom in the gaseous state will disappear aud contribute to the vibrational 
energies. The rotational partition function f, may therefore be included in vibration 


and termed f’,. Then the equation (5) will have the form 


_NAh* 


loxmk)2 


SE, +G .. (8) 
2.303RT 





— log f, —log f’.- 


log @+ 31og T = log 











TEMPERATURE AND FLUIDITY 521 


Again, although f, and f’, are functions of temperature, their rates of variation with 
temperature are insignificant, speciaily in the case of normal liquids where molecules 
have more or less a certain degree of symmetry, and intermolecular attraction also small, 
so that for a moderate range of temperature, the change in interatomic as well as 
intermolecular vibrational partition functions (f, and f’,) may be neglected as an approxi- 
mation. The terms f, and /’, will then be included in the constant term which is 
denoted by a. 

In case it 1s not permissible to neglect the variations of these vibrational partition 
functions, the relation between fluidity and temperature becomes different. If v repre- 
sents the fundamental vibration frequency of a molecule and v’, the characteristic 
frequency for intermolecular vibrations, then f, and f', are given by 


_ explhv/kT) of miigeg 
*  explhv/kT)—1 


exp'hv’/kT | 


= . fro) 
° exp(hv’/kT)—1 “ 


and 


Assuming that the vibrational energics for the both interatomic and intermolecular 
vibrations are small, i.e. 
hv<<kT and hv’<<kT 


which are in most cases true, we can write the equations (9) and (10) as 


_ exp(hv; kT) df —exp(hv’/kT) 
fe viet 9 Pee 





Putting tliese values of vibrational partition functions in equation (8), we get 


” log T+log¢=, NAh°’ SE, + G+ Nh(v+v’) 


‘armk)i k? 2.303RT (tr) 


Putting the value of G from equation (6) and performing necessary simplifications, 





we get, 
- re} _ NAh‘w’ _B_ _ SE,+A+Nh(v+v) 
2 log 08 ¢ (ammk)i k? r 2.303R 2.303RT 
” —-AE -A-N fy y") 
ao , 108 T+log ¢ = y+ er Lt dl w- (za) 
a_NAbw _ sf 
where (armkj# k? 2.303R 


The equation (12) is applicable in the case where variations in energies, and hence 
in partition functions of interatomic and intermolecuiar vibrations with temperature, 


are not negligible. 
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‘The equations (7) and (12) may be written as 


o The gob (a3) 


and v) To = a,e°2/7 eee (14) 


Equation (13) has already been deduced by Eyring from his theory of rate process 
{Glasstone, Laidler and Eyring, ‘“The Theory of Rate Processes’’, p.486). 

Thus, the relationship between temperature and viscosity of liquids is not a simple 
one. It involves the partition functions, and therefore the probable energy states of the 
liquid molecules. It also involves the nature of the molecule, simple or complex, as 
will be evident from the foregoing equations. Our next point of pursuit would be to 
examine how far these equations agree with the experimental results. This is taken up 
in the next part. 


PuysIca, CHEMISTRY LABORATORY, 
COLLEGE OF ENGINEERING & TECHNOLOGY, Received April 9, 1951. 
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ELECTROCHEMISTRY OF FLUORIDE SOLUTIONS. PART II. 
ELECTRODEPOSITION OF COPPER FROM 
FLUORIDE SOLUTIONS 


By A. N. KAPPANNA AND E. R. TALATY 


The decomposition and the cathode and anode discharge potentials of copper fluoride solutions 
have been measured at 26°, using polished platinum electrodes. The current-potential curves are normal 
and show only one break. From the values for the deposition potential of copper, it is inferred that 
cupric ions are discharged at the cathode. The dissolution potential of copper in the same solutions 
has also been determined and the metal has been found to dissolve in the cupric form. 

Results are also reported on the nature of the deposits on polished platinum and on copper cathodes. 
Withont any addition agents, the deposits are adherent, ductile and fairly lustrous. The cathode 
current efficiencies are nearly 100%, but the anode efficiencies are always more than 100%. 

Additions of ammonium carbonate apd of potassium carbonate only serve to make the deposits 
loose and non-adherent. Addition of cane sugar to the solutions renders the deposits dull. Pyridine 
is an effective brightener but the deposits become hard and somewhat brittle. 

It is concluded from this study that the fluoride bath, when properly maintained, can give good 
deposits. A limitation of this bath is the low value for the maximum current density that can be 
used, but the deposits are much brighter than those from acid sulphate bath 


Electrodeposition of copper from fluoborate and fluosilicate solutions has been 
attempted by a few investigators. Deposition of the metal from fluoride solutions, 
however, has not received any attention. The present investigation was undertaken 
with the object of filling this void in our knowledge of the electrochemistry of copper. 
Data obtained by the electrolysis of copper fluoride solutions on (a) decomposition 
potentials, (b) cathode and anode discharge potentials on polished platinum electrodes 
and (c) electrodeposition of copper under a variety of conditions, form the subject 
matter of this communication. 


ExPERIMENTAL 


The precautions enumerated in Part 1 of this series (this Journal, 1951, 28, 413) for 
protecting the apparatus from attack by the fluorides were all observed in this inves- 
tigation. The experimental arrangement and procedure for the measurement of 
decomposition and discharge potentials were also the same as described in Part I. 
For determining the dissolution potential of copper, a plate of the chemically pure 
metal (2.5 X 1.9 sq. cm. in area) was used asthe anode. All the experiments were per- 
formed at 26°. 

Preparation and Analysis of the Electrolyte.—Copper carbonate was added toa 
standard solution of hydrofluoric acid until an insoluble salt began to separate out 
(cf. Mellor, ‘‘A Comprehensive Treatise on InorSanic and Theoretical Chemistry’’, 
Vol. III). The mixture was filtered and the clear filtrate used as a stock solution for 
all experiments. 
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The copper content of the electrolyte was determined iodometrically in the usual 
manner, after neutralisation of the ‘‘free’’ acid by the addition of sodiwin carbonate 
until a slight, permanent precipitate appeared and dissolution of this precipitate in dilute 
acetic acid. ~ 

The amount of hydrofluoric acid remaining unneutralised in the copper fluoride 
solution was calculated from the difference between the initial concentration of hydro- 
fluoric acid and the copper content of the solution. 


Decomposition and Discharge Potentials 


The current-voltage curves, when drawn from the data obtained, are quite normal, 
exhibiting only one break, which corresponds with that found in the current-cathode 
potential and in the current-anode potential curves. The breaks are less pronounced 
in weak solutions. 

The values of the decomposition and discharge potentials, determined from these 
breaks, are given in Table I. The potential of the saturated KCl-calomel electrode at 
26° has been taken as + 0.2414 volt ‘hydrogen electrode = 0). 


TABLE I 
‘ Discharge potentials at 26° 
Solution. Decomposition potential at 26°. (Hydrogen electrode =o) 
Cathode. Anode. 
0.9225M-CuF,+3.2061M-HF 1.33 volts +0.40 +1.74 
0.4538M-CuF 9+ 1.2648M-HF 1.34 +0.34 +1.70 


The anodic dissolution potential of copper in a solution containing 0.9225M-CuF,, 
3 2061M-HF was also measured and found to be + 0.34, a value which is the same 
as that attained by the copper plate on simply immersing in the solution. This is 
significant in view of the fact that copper, normally, though very slowly, gocs into 
solution in hydrofluoric acid. 

It is clear from these results that copper dissolves in the fluoride solutions, both 
anodically and also on simple immersion, in the form of cupric ions and that these ions 
are discharged directly to copper on the cathode, since the standard electrode potentials 
for Cu —> Cu** and Cu —> Cu* are + 0.34 and + 0.52 respectively. 


Electrodeposition of Copper 


The arrangement in the electrolytic cell was similar to that described in Part I 
(loc. cit.). ‘The deposits were first obtained on"polished platinum cathodes (2.7 x 1.85 
sq. cm. in area) and later, from solutions which yielded good deposits, on copper 
cathodes. Only one anode consisting of a pure copper plate, about 3 cm. < 2 cm. in 
area and o.2 cm. thick, was used in all cases, so that, by examining the back of the 
cathode, an approximate idea of the throwing power of the solution could be obtained. 

Unless otherwise mentioned, all experiments were performed at room temperature 
(26°-28°) and the electrolyte kept agitated. In most cases, the time for the deposition 


was 45 minutes. 
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The nature of the electrodeposits from the fluoride solutions at different concentra- 
tions was first studied. The results are summarised in Table II. 


TABLE II 


Polished platinum cathodes, unless otherwise stated. 





No. Solution Cathodic Applied Cathode Nature of depesit. 
composition current voltage current 
density efficiency. 
(amp /dm? ) 
I 0.4172M-EnF), 0.97 0.7 95-17% Smooth, lustrous, ddherert, fine- 
1.2648M-HF grained, light pink deposit. 
Throwing power of the sclution 
was fairly good. 

2 ms 1.53 0.05 97.01 Deposit was duli red. That at the 
edges was hard. Otherwise, samme 
as (1). Throwing power was 
go od. 

25 98.79 Same as in (2), but the throwing 


: ; » ” I 
- - (Without agitation of the electrolyte) 


power of the solution was not 
very good 


f° 2 30 1.8 98.45 A few needle-shaped outgrowths 
were formed at the corners, 
Otherwise, same as (2). Throw- 
ing power was good. 

; : 3 06 2.4 98.79 Colour of the deposit deepened. 
Small, hard outgrowths at the 
edges. 

6 z 6°12 48 99.51 Colour Secame deeper stil]. Other- 
wise, same as (5). 

? ” 12.24 6.5 98.93 Dark red deposit. ‘‘Trees’’ formed 
at the edges. 

7 (a). ; b 8.2 95.83 Cathodic deposit same as (7). No 


(Platinum anode was used) 
8 m 3.06 1.1 88.00 


(Copper electrodes were used) 


deposit on the platinum anode— 
only gas evolution occurred. 

Uniform, fairly lustrous, ductile, 
smooth, adherent deposit Under 
the microscope, it appeared wavy 
and very fine-grained. Throwing 
power was good. 


9) 0 iegeeshe-Cnl es 0.77 0.55 95-40 Deposit was deeper-coloured than 
3.2061 M-HF (1) Otherwise, same as (1). 
Throwing power was better than 
in (1). 
a6 fi 1.53 0.5 G7 -9L Except for the deep colour, the de- 
posit was same as (2). 
i ” = 0.7 98.87 Uniform, smooth deposit. Throwing 


(Without agitation of the electrolyte) 


power of the solution was better 
than (3). 








526 A. N. KAPPANNA AND E, R. TALATY 


TABLE Il (contd.)} 


No. Solution Cathodic Applied Cathode Nature of deposit. 
composition. current voltage. current 
density efficiency. 
(amp./dm?.) 

12 2.9225M-CuFy, 3.06 1.15 99.00% The deposit was uniform all over 

3.2261M-HF the cathode. No outgrowths as 

in (5). 
13 = 1.45 99.33 Same as (12). 
( vithout agitation of electrolyte) 

14 i 6.12 3.5 99-15 Ductile, light pink deposit. To- 


wards the edges, it was dull in 
appearance. There were slight 
rounded outgrowths at the 
corners. 
i.53 0.75 94.10 Light coloured, but bigger-grained 
(Temperature = 50° ; electrolyte agitated) than (10). Throwing power was 
good. 
16 0.1426M CuF,, 1.53 2.3 97-79 Light pink, smooth and lustrous 
0.5344M-HF deposit. Throwing power of the 
solution was good. 
17 * 3.26 5.0 99-68 Darker in colour than (16). Hard 
at the edges. 


15 


18 »” 6.12 8.5 = The top layer of the deposit was 
non-adherent and powdery. The 
initial layer was lustrous and 
adherent. Dark nodules were for- 
med at the edges. 

19 3.05 3-4 9 90 Light pink, smooth but less lustrous 
than (17). Slight nodule forma - 
tion at the edges. It could stand 
scratch-brushing and could be poli 
shed on a buff 


Although the anodes became slightly dark in all these experiments, the corrosion 
was good and the electrolyte remained entirely clear. The anode current efficiency 
was also measured and it was always found to be more than 100%, nearly 140-150% in 
the majority of cases. 

Electrodeposition of copper on iron plates directly from these fluoride baths was 
found difficult as the initial deposit formed on simple-immersion in the solution was 
rather loose. If a preliminary coat was given from a cyanide bath, however, further 
deposition from fluoride baths proved successful. 

In order to try the effect of diminishing the “‘free’’ acid content and simultaneously 
introducing ammonium fluoride into the electrolyte, ammonium carbonate was 
added to a solution, having the composition: 0.1742M-CuF,, 0.5344M-HF. ‘The 
deposits became dull and somewhat non-adherent in the first instance. When 
the concentration of ammonium fluoride reached a value of about 0.66M and a current 
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density of 1.53 amp./dm*. was employed, an entirely different type of deposit was 
obtained ; it was deep purple in colour and was very hard. Higher concentrations of 
ammonium fluoride caused precipitation in solution. 

The addition of potassium carbonate also made the deposits powdery and non- 
adherent. A neutral double fluoride bath, containing o.o88M-CuF, and o.550M-KF, 
however, gave a thin, adherent immersion-deposit of copper on iron plates. While 
this thin deposit by itself looked good and could stand scratch-brushing, it was found 
that an electrodeposit couid not be built up on it, as it showed a tendency to peel off. 


Effeci of Addition Agents 


By the addition of cane sugar, the deposits froin the fluoride solutions lost their 
usual lustre and became dull in appearance. No other marked change was produced. 
The other addition agent tried was pyridine. ‘The results are given in Table III. 


TasBLe LII 
Addition of pyridine. 


Unless otherwise mentioned, the cathodes were polished platinum foils, and the 
current density employed was 3.06 amp./dm’. 
Original solution = 104 c.c. of o 4043M-CuF,, 1.9293M-HF 


No. Total addition. Applied voltage. Nature of deposit 


Deposit was the same as that without the addition of pyri- 
dine. Throwing power of the solution, however, improved 
a little. 


I 0.05 ¢.c 3:3 


2 0.15 3.8 Deposit was darker in colour than (1). Hard, rounded 
nodules were formed all along the edges. 

Deposit was slightly more lustrous than (2). The anode 
corrosion improved. 


‘ 0.45 33 The deposit was much more lustrous than (3). The throw- 
ing power of the solution diminished slightly. Cathode 
current efficiency = 99 3%. 


2.7 Deposit was obtained on a copper cathode. It was even 
brighter than that on platinum (experiment 4), but it was 
not ductile. 


4(a) - 


Deposit was obtained on an iron electrode, previously coated 
with copper from a double cyanide bath (this coating being 
done at a current density of 0.9 amp./sq. dm.). It was less 
lustrous than 4(a), but as much as that in 4. 

The deposition was continued further on the same 
cathode, but a current density of 5.1 amp./sq. dm. was 
employed. The deposit was now very dull and somewhat 
loose at the edges. 


4b). om 1.9 


08 2.8 Same as (4). Cathode current efficiency =99.1%. 


6. 1.3 3-2 The deposit at the edges started becoming dul!. Throwing 
power ofthe solution was slightly poorer than in (4). 


7. 1.7 3.2 Dull, ununiform deposit. Throwing power of the solution 
was Very poor. 
6—1777P—9 
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DIiscuSSION 


Results given in Table II show that the fluoride baths by themselves give adherent, 
ductile and fairly lustrous deposits within certain limits of current density, depending 
on the strength of the electrolyte. The lustre can be enhanced considerably by the 
addition of pyridine [experiments 4, 4(a) and 5, Table III], but, at the same time, 
the deposits become rather hard and show a tendency to crack when the electrodes are 
bent through 180°. The cathode current efficiency is nearly cent per cent in all cases, 
whereas the anode efficiency is more than 100% ; consequently, the solution changes 
in composition during electrolysis. 
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Volts. 
Curves I-III refer respectively to decomposition potential, 
cathode potential and anode potential. 
Potentials given (iu curve III) are with respect to H- 
electrode as zero. 


The high anodic current efficiency is rather difficult to account for, as the dissolution 
of copper, unaided by current, is an extremely slow process. Moreover, as mentioned 
before, it has been found by experiment that copper goes into solution, either by immer- 
sion or anodically, in solutions of hydrofluoric acid, entirely in the form of cupric 
ions. It appears therefore that the fresh layers of copper continuously exposed by 
anodic corrosion go into solution in hydrofluoric acid far more rapidly than copper, 
ordinarily cleaned and left immersed in the acid. 
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In order to obtain consistent results with fluoride baths over considerable periods 
of time, particular attention must be paid to two points. Firstly, hydrofluoric acid 
must be added periodically to the baths to prevent the formation of dull and loose 
deposits, and also to prevent the precipitation of a basic salt in the solution on exposure 
to air for a longtime. Secondly, the anode-current efficiency being more than 100%, 
the composition of the solution should be adjusted from time to time. 

As compared with the acid sulphate bath, the chief limitation of the fluoride bath is 
the low value of the maximum current density that can be employed ; but, under 
otherwise identical conditions, the deposits from the fluoride solutions are quite good 
and comparable in quality with those from the sulphate baths. The deposits from 
the fluoride baths, however, are vastly superior, both in point of brightness and 
in retention of the brightness for considerable lengths of time, even in the laboratory 
atmosphere. 

CHEMISTRY LABORATORY, 


COLLEGE OF SCIENCE, Received March 13, 1951. 
NAGPUR. 


ERRATA 


Misprints that occurred in two earlier communications by A. N. Kappanna etal., printed during 
the year are shown below with corrections. 


Page Line. Read for 
284 15 2 HCOO’ 2 HCOO 
- 18 2 HCOO 2 HCOO’ 
293 last formula  2(HCO),0.->2(HCO),0+0, 2(HCO),;0,.—>2(HCO),0+0, 
2H,0+4CO 2H,0+4CO 
415 Below Fig. 1. Curves I-I1I Curves I-II 
» 2 Potentials given in II and III potentials given 


417 31 0.37 x 1078 037x108 
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ANALYTICAL CHEMISTRY OF ZIRCONIUM. PART III. SALICYLIC 
AND PHENOXYACETIC ACIDS 


By T. VISWANADHA SASTRY AND Bu. S. V. RaGHAVA Rao 


Two reagents, salicylic acid and phenoxyacetic acid, have been described for the separation and 
estimation of zirconium from many other associated elements. Titanium and quadrivalent 
cerium interfere. Thorium is removed in a double precipitation. Iron may be removed in a double 
precipitation ordinarily or in a single precipitation by complexing with excess of ammonium sulpho- 
cyanide. Other divalent and trivalent elements present no difficulty. Salicylic acid acts best in solu- 
tions of zirconium 0.18N with HCI and phenoxyacetic acid, 0.24N with HCl. 


Salicylic acid was first suggested by Kolb and Ahrle (Z. angew. Chem., 1905, 
18, 9°) for the separation of thorium from cerium and lanthanum Its ammonium 
salt, following Dietrich and Freund (Z. anorg. Chem., 10908, 56, 344), is largely 
employed for the removal of titanium from thorium and zirconium. The use of 
salicylic acid asa reagent for zirconium does not seem to have attracted attention and in 
this respect it possesses certain valuable properties. 

Phenoxyacetic acid, a reagent first mentioned in connection with thorium by Pratt 
and James (J. Amer. Chem. Soc., 1911, 33, 1330), and rejected by Smith and James 
(ibid., 1912, 34, 281), has recently been shown (Venkataramanaiah, Satyanarayanamurty 
anc Raghava Rae, this Journal, 1950, 27, 81) to serve a useful reagent for thorium. 
The reagent besides possesses useful properties for employment with zirconium. 

Both reagents yield gelatinous precipitates with zirconium in slightly acid solutions 
and the precipitation is quantitative. As little as about 2 mg. of ZrQ, can be con- 
veniently estimated. Further, removal of a number of common elements as well as the 
rare earths of the monazite is easy. 


ExPERIMENTAL 


A stock solution of ZrOCl, in o.1N-HCl was prepared as detailed in an earlier 
communication (this Journal, 1951, 28, 257) and ro ml. of this solution, when estimated 
with tannic acid (Scholler, Analyst, 1944, 69, 259), gave 0.0465 g. of ZrQ.. 

Samples of B.D. H. salicylic acid and phenoxyacetic acid laboratory reagents 
were purified by two crystallisations from water. The final products gave the melting 
points 155° and 96° respectively. 


Estimation of Zirconium.—Aliquots of the stock solution of zirconyl chloride were 
pipetted out and to this was added 1N-HC1 in sufficient quantity to give 100 ml. of a 
solution o.18N in HCl in the case of salicylic acid and 0.24N in HCI in the case of 
phenoxyacetic acid. The solution was diluted to 160 ml. end boiled. To the boiling 
solution were added with stirring 100 ml. of hot 1% salicylic acid (or 2% phenoxyacetic 
acid) when a gelatinous precipitate formed. Boiling was continued for 10 minutes 
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and the beaker was set aside in a warm place, preferably over a water-bath at 70° to 80°. 
After settling, the precipitate was filtered through a Whatman No. 42 filter, washed 
with a hot 0.1% solution of the reagent, dried partially and ignited to the oxide. 


Table I gives the results obtained by this method. 


TABLE I 
ZrOyg taken. ZrOg obtained Difference 

A Bh. \ B 
0 0930 g. 00929 8 0.0931 g. o.1 Ing ro.1 mg 
0.0465 0.0463 0 0464 0.2 —0.1 
0.0232 0.0233 0.0232 +0.1 _— 
0.0116 0.0115 0.0116 —1.1 - 
0.0058 0.0060 0.0057 +0.2 —-o1 
0.0046 0.0044 © 0047 -0.2 I 
0.0023 0.0022 0.0023 —0O.1 - 


Effect of H* ion on the Precipitation of Zirconium.—Since a few elements with 
which zirconium is associated are usually precipitated by these acids, their removal 
would have to depend on the higher solubility of the salts of the interfering elements, 
in other words, advantage will have to be taken of differential precipitation with vary- 
ing pfu. Precipitation of zirconium under Cifferent conditions of acidity is shown in 


Table 11. 


TABLE IT 
Effect of pu- 


ZrO, taken = 0.04*5 g. 


A. Salicylic acid Conc. of HCl in R. Phenoxyacetic acid. 


Cone. of HCl in zircony! soln 


zircony] soln. ZrOy pptd. Diff. ZrO, pptd. Diff 
0.30 N 0.0400 g. —6.5 mg. 0.30 N 0.0449 g- —1.6 mg. 
0 20 0.0455 —1.0 0.26 0.0464 —0O.1 
0.18 0.C464 —O.1 0.24 0.0464 —-oO.1 
0.16 0.c466 +0.1 0.16 0.0465 walk 
0.12 0 0464 —-0O.! 0.12 0.0464 —0O.1 


Separation from other Elements.—The data presented in Table II indicate that 
a convenient acidity for the removal of other elements is 0.18 N-HCl with salicylic acid 
and v0.24 N-HCl with phenoxyacetic acid. Results of separations carried out under 


these conditions are shown in Table III. 
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TABLE Lil 


ZrO, taken = 0.0465 g. 


No. Tmpuritv added. Wt. of impurity. ZrO, weighed. 
: CreO3 0.1080 g. onal g- 0 0465 g.* 
2 Al,O3 0.4210 0.0463 0.0464 
3 Fe,O; 0.1088 0.0471 0.0470 
0.0464 ' 0.0465* 
4 Fe,03+5 g. NHyCNS 0.0462 0.0465 
5 R,Ox, (cerite earths) 0.4300 0.0463 0,0463 
6 MnO 0.1894 0 0363 0.0463 
7 NiO 0 2055 0.0462 0.0463 
8 CuO 0.1860 0.0463 0.0463 
9 CaO o 2548 0.0464 0.0463 
10 BaO 0.2050 0.0462 0.0464 
II SrO 0.1799 0.0463 0.0464 
12 CoN 0.1790 0.0464 0.0464 
13 BeO 0.2165 0.0462 0.0466* 
14 ViO~5 0.1055 0.0488 0.0486 
15 ThO, 0.0680 0.0466" 0.0465* 


A. Salicyclic acid. 
B. Phenoxyacetic acid. 
* Double precipitation. 


The carry out a double precipitation, the first precipitate after partial washing was 
dissolved on the filter by running through several times 35 ml. of 1: 1 HC! and finally 
washing the filter with water. The filtrate was caught in the original beaker, the excess 
acid was carefully neutralised and precipitation was repeated. 

The two reagents behave practically similarly. In the case of chromium alone, 
phenoxyacetic acid needs a second precipitation. Divalent metals present no difficulties, 
even so some of the trivalent metals and the cerite earths. Thorium requires a 
double precipitation. Quadrivalent cerium and titanium are not completely removed. 
The yellow titanium complex with salicylic acid is easily adsorbed on the zirconium 
precipitate and persists even after long washing. Digesting the precipitate with 20% 
ammonium salicylate improves its quality, showing highest purity. The difficulty 
thus appears to lie in the lower concentration of the salicylate ion obtainable in acid 
solution. 


CHEMICAL LABORATORIES, 
ANDHRA UNIVERSITY, 
WALTAIR. Received March 3, 1951. 
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CHEMISTRY OF RARE EARTHS. PARTS VIII. UROTROPIN AND ANTI- 
PYRENE COMPLEXES OF THIOSULPHATES OF RARE EARTHS 


By NIHAR Kumar Durr 


Preparation and properties of complexes of rare earth thiosulphates with urotropin and antipyrene 
have been described. 


Rare earth nitrates have been known to give beautiful crystalline compounds with 
urotropin (Barbier and Calzolari, 4tti. R. Acad. Lincei, 1911, v, 20, 164) and anti- 
pyrene ‘Kolbe, Z. anorg. Chem., 1913, 83, 143). Such compounds of these wéak 
organic bases with rare earth perchlorates, iodides and nitrites, i.e., salts of weak acids, 
some of which (nitrites and iodides} had not been known to exist in the solid state, were 
isolated by Wilke-Dorfurt and Schliephake (Z. anorg. Chem., 1928, 170, 123) and 
others. This may well be looked upon asa case of stabilisation by complex formation 
with organic molecules. All attempts to isolate rare earth thiosulphates in the solid state 
failed (Sarkar, Ann. chim., 1927, x, 8,239). The present author isolated several double 
thiosulphates of rare earths with alkali metal thiosulphates (this Journal, 1949, 26, 405). 
Investigations into formation of compounds of rare earth thiosulphates with urotropin 
and antipyrene were next undertaken. Preparation and properties of such compounds 
form the subject matter of the present communication. 


ExPERIMENTAL 


Lanthanum-urotropin Thiosulphate.—Lanthanum nitrate (5 g.) was dissolved in 
the least quantity of water, cooled, and to this was added dropwise urotropin (6 g.), also 
dissolved in the least quantity of cold water. The clear solution was filtered and to the 
filtrate was then added 3 c.c. of a saturated solution of sodium thiosulphate when 
lanthanum-urotropin thiosulphate separated in microcrystalline form. These crystals 
were filtered under suction and washed carefully with ice-cold water and recrystallised 
from least quautity of ice-water. 

The compound is white, micro-crystalline and moderately soluble in water. It is 
less soluble than the corresponding nitrate. An aqueous solution of the salt decomposes 
on dilution slowly with separation of sulphur and gives lanthanum hydroxide on boiling. 
[Found : La, 26.92, 26.92; S, 18.62, 18.46; N, 16.30, 16.35. Las(S:O;)3, 3C.Hi2N, 
requires La, 26.88 ; S, 18.57; N 16.25 per cent]. 

Cerous-urotropin thiosulphate was prepared in the same way as in the abuve case 
using cerous nitrate for lanthanum nitrate. It resembles the previous compound in all 
respects. [Found: Ce, 27.23, 26.95; S, 18.36, 18.74; N 16.32, 16.35. Ces‘S.Os)s, 
3C.H,.N, requires Ce, 27.03 ; S, 18.53; N 16.21 per cent]. 

Praseodymium-urotropin thiosulphate was also prepared in an analogous way to 
the other two cases using praseodymium nitrate as the starting material. The compound 
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is light green. In all other respects it resembles the previous compounds. [Found : 
Pr, 27.25, 27.08; S, 18.67, 18.62; N, 16.08, 16.25. Prz (S,03)s3, 3Cs6Hi2N, requires Pr, 
27.16; S, 18.50; N, 16.20 per cent]- 

Lanthanum-antipyrene Thiosulphate.—To a concentrated solution of lanthanum 
nitrate (3 g.) was added an aqueous solution of antipyrene (5 g.}. Crystals separated, 
if any, were dissolved in the least quantity of cold water and added dropwise. To this 
solution was then added dropwise a saturated solution of sodium thiosulphate when 
beautiful colorless crystals separated. It was filtered under suction, washed with ice- 
cold water twice and recrystallised from least quantity of coid water. 


The compound is colorless and crystalline in nature. It is also moderately soluble 
in water but less so than the corre,ponding urotropin compound. An aqueous solution 
decomposes gradually in the cold but more so on heating with the separation of suiphur. 
The compound melts above 300° with decomposition. [Found: La, 16.25, 15-7 
11.24, 10.95; N, 9-46, 9-85. La,(S,0,);, 6 Ci:Hi,N_O requires La, 15.96; S, 


a» 


N, 9.65 per cent]. 

Cerous-antipyrene thiosulphate was prepared in the same way as described in the 
case of the corresponding lanthanum compound, taking cerous nitrate in place of 
lanthanum nitrate. It resembles the lanthanum compound in almost all respects. 
It melts above 320° with decomposition. [Found: Ce, 16.25, 16.18; 5, 11.24, 10.86; 
N, 9.45, 9-56. Ce'S,035)s, 6C,,H,.N.0 requires Ce, 16.06; S, 11.01 ; N, 9.63 percent]. 

Praseodymium-antipyrene thiosulphate was prepared in an analogous way to the 
other cases, using praseodymium nitrate. It is light green in colour, and in all other 
respects it resembles the previous compounds. It melts with decomposition at 320°-330°. 
[Found: Pr, 16.26, 16.05; S, 10.95, 10.78; N, 9.82, 9.65. Pr.(S,O;};, 6C,,H,;,N2,0 
requires Pr, 16.14; S, 10.82; N, 9.62 per cent]. 


Method of Analysis 


Rare earth was estimated by the direct ignition of a weighed quantity of the salt 
and weighed as oxide. Sulphur was estimated as BaSO, after oxidation with ammoniacal 
hydrogen peroxide and separation of rare earth hydroxide. Nitrogen in urotropin 
compound was estimated by Kjeldahl’s method after decomposition with concentrated 
sulphuric acid for several hours. Nitrogen in antipyrene compounds was estimated 
by Duma’s method of combustion. 

INORGANIC CHEMISTRY LABORATORY, Received May 3, 1951. 
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BOILING POINTS OF NORMAL PARAFFINS 
By YATENDRA Par VARSHNI 


A formula T,= J eee has been worked out from which the boiling point of any norma! paraffin up 
I n? 


to pentatriacontane (CyH72) can be calculated to a fair degree of accuracy under different pressures 


Tt has long been observed that there is a definite relationship between the physical 
properties and chemical constitution of compounds. Boiling point constitutes one of 
the important physical properties of substances, and efforts have been made2 from time 
to time to correlate the boiling point with molecular structure. Hermann Kopp was 
the first to investigate the boiling points of organic compounds and the relation to their 
chemical constitution (Annalen, 1842, 41, 86, 160). 

At first, Kopp was of the opinion that in all homologous series the average difference 
in boiling points between two successive members was 19°. As illustration, he quoted 
the alcohols, acids, some esters and nitriles, whilst later Schmidt and Fieberg (Ber., 1873, 
6, 408} added the series of fatty ketones. Kopp’s later researches (Annalen, 1844, 
50, 71; 1845, 55, 166; 1847, 64, 212; 1848, 67, 356; 1850, 76, t80) showed that in many 
cases the difference was greater thau 19°, and he modified his views accordingly. 
Church ‘Chem. News, 1859, 1, 205) agreed with Kopp that the difference for CH, was 
constant throughout any given series, but he pointed out that the value was different in 
different classes of compounds. 

Schorlemmer (Annalen, 1872, 161, 281; 1878, 170, 150) pointed out that in 
the fatty hydrocarbons and their derivatives the value for CH, fell off continuously 
on ascending the series, and Zwicke and Franchimont ‘ibid., 1872, 164, 333) noted 
the same behaviour with fatty acids and their esters, 

This decreasing effect of additional CH, is found in most of the organic families, 
and it is now generally accepted as the normal behaviour of homologues. 


Attempts were started to furnish a quantitative expression to the relationship between 
the boiling point and the molecular weight or the number of carbon atoms of the 
members of homologous series. Goldstein (Ber., 1879, 12,689, S51; 1882, 15, 724) 
proposed the following formula for the boiling point (t.:) of a normal paraffin in degrees 


centigrade : 


t, = 380-"_—_*-+(n—1) 19— 340.9 * 


n 
* Throughout this paper— 
““n * stands for the number of carbon atoms in the“compound. 


“'M"’ stands for the molecular weight of the compound. 
“Ty” stands for the boiling point in degrees absolute of a normal paraffin having n carbon 


atoms, under 760 mm pressure 
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This formula is approximately applicable from ethane (n = 2) to dodecane (n = 12}, 
but not beyond. It is alsonot applicable to methane where it gives an absurd value 
— 340.9°, a temperature below absolute zero. 

Hinrichs (Z. physikal. Chem., 1891, 8, 229) put forth two formulae : 

(i) ky “log n—q,) for higher members 
(ii) k, ‘log n-q,)+k2 (q,—log n)? for lower members 


where kj, k2, gq; and q, are constants. 


Walker (J. Chem. Soc., 1894, 65, 193, 725) gave the formula 
Tx = aM’, where a and b are constants. 


This formula represents the boiling point for only about ten consecutive membeis of 
any series. In original paper it has been shown to be true from heptane to hexadecane. 


Young (Phil. Mag., 1905, 9, 1) pointed out that the difference in boiling point 
between two successive homologues might be regarded asa function of the absolute 
temperature. Thus, 

144.86 


Taei-Ta = T,0018vT, 


Nekrasov (Z. physikal. Chem., 1920, A141, 378; 1430, A148, 216; J. Russ. Phys. 
Chem. Soc., 1920, 61, 2027) gave two formulae : 


i _M- = 
(i) Ta=K Vs 
5 
(i) ‘Te =A 


where K is a constant, and = is the sum of certain empirical values alloted to each 
type of atom, linkage, etc. The formula (ii) is applicable only to non-polar compounds. 

Burnop (J. Chem. Soc., 1938, 826, 1614) stated that the quantity M logioT +8V¥M 
was additive. 

The value of this function for any compound is denoted by (6). From the value 
of (b), calculated for various homologous series, certain empirical atomic and structural 
yalucs have been obtained. 

Kinney ‘J. Amer. Chem. Soc., 1938, 60, 3032; 1030, 61, 3236) advocates the 
formula 1 
Ta = 230.14(N )*¥— 543 

‘““N”’ is termed boiling point number, and its value for any compound is the sum 
of certain empirical values alloted to each type of atom, linkage, etc. 

More recently, Egloff, Sherman and Dull (J. Phys. Chem., 1940, 44, 730) have 
proposed the following equation 


Tn = 745.42 log (n+4.4) —416.31. 


It gives good results from ethane to nonadecane. 
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In the present paper attempts have been made to derive a formula from which the 
boiling point of any normal paraffin up to pentatriacontane (C,,H,,) under different 
pressures can be calculated to a fair degree of accuracy. ‘The formula is 


/ An+B 


Te= : 


1+Cn 


where 4, B and C are constants. It may be put as 
/A(n+K) 
1+Cn? 
where K = B; A = constant. 
For boiling points under 76 mm. pressure 


a/ 247200 —11820  _ i / 21720 (n-0. (n —o. 545). 
1 +0.C00283n" I +0,000283n" 


T.= 


The observed values, calculated values and the errors are tabulated below. 





TABLE 1 
Carbon  Paraftins Obsd, Cale. Error. Carbon Paraftins. Obsd, Cale. Error. 
atoms value. value. atoms. value. value. 
1 Methane ITL.5 99.5 +12* lr Hendecane 468.9 468.6 +0.3 
2 Ethane 184.7. 1778 + 6.9* 12 Dodecane 4893 489 +0.3 
3 Propane 230-9 233.7 + 0.2 13 Tridecane 507 508 -1 
4 Butane 272.6 273.3 = 0.7 14 Tetradecane 525-5 526.2 —-0.7 
5 Pentane 309.t 310 —- 09 15 Pentadecane 543-5 543-3 +0.2 
6 Hexane 342 342-5. — 0.5 16 Hexadecane 5995 559-5 +1 
7 Heptane 371-5 37190 — 0.4 17 Heptadecane 576 574.8 +#1.2 
8 Octane 398.8 398.9 — oI 18 Octadecane 590 589.2 +0.8 
9 Nonane $23.8 423.8 o 19 N onadecane 693 603.1 —o.l 
10 Decane 447 446.9 + o1 
Another formula, a a = 
Ta = V T*a-; + 20800 + 200 — 25n* _ eee (2) 


represents the relation between two consecutive members of the normal paraffin series, 
Thus, the boiling point of the next higher member of the homologous series can by 
calculated from the boiling point of the preceding member and vice versa. 

The values calculated from this formula and their deviation from the observed 


values are given in the following table. 


* It is a well known fact that the lowest members of aseries depart from the regular behaviont 
exhibited by the higher members amongst themselves 
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TABLE II 
Carbon Para tits. Obsd. Cale, Error. Carbon Paraffins. Obsd. Cale. Error 
atoms. value.- value. atoms. value vaiue. 
I Meihane 111.5 tas “ II Tiendecane 198.9 468 9 o 
2 Kthane 184.7. 183.2 $1.5 12 Dodecane 189.3 489.3 0 
3 Propane 230.9 235.2 — 4.3 13 Tridecane 597 508.5 —1.5 
4 Butane 272.6 272.9 —0.3 14 Tetradecane 525.5 525.1 +0.4 
5 Pentane 309.1 309.1 ° 15 Pentadecane 543-5 542 6 +2.9 
6 Hexane 342 341.5 +0.5 16 Hexadecane 560 5 559-5 +0.9 
7 Heptane 371.5 371.4 +0.1 I7 Heptadecane 576 575-3 F0.7 
S Octane 398.8 398.9 0.1 18 Octadecane 590 59° ts) 
9 Nonane 423-8 423.8 o 19 Nonadecane 603 603 ° 
10 Decane 147 447-1 —o.1 


Boiling point of a series of compounds is a magnitude arbitrarily selected in so far 
as the pressure under which the compound boils is itself quite arbitrarily chosen equal 
to 760 mm. Hence, if any boiling point formula is correct, it is expected that simply 
by changing the constants the formula will give the boiling points under different 
pressures. Walker (loc. cit.) showed that his formula was applicable (though only to 
about ro imembers: under different pressures. So is also the case with formula (1) 
suggested in this paper. For boiling points uuder 15 mm. pressure it becomes 


a/ 12400\n —0.55) 


1+0.0001485n” 


It 1s applicable from dodecane (C,,H.,) to pentatriacontane (C;;H;,) ‘boiling roints 
of paraffins lower than C,,H,,, and those of above C,;H;., under 15 mm. pressure being 
not available). No formula suggested by any previous worker is applicable beyond 
CooH.2, aud thus the distinct advantage of this formula over others is that the boiling 
point at lower pressures of any normal paraffin from C,.H,. to C;;H;, can be calculated. 

The following table gives the comparative statement of the values calculated from 
this formula and those given in literature. 


TABLE III 





Carbon Paraffins Obsd. Cale. Error Carbon Para ffins Obsd. Cale Errcr. 
atoms. value. value atoms. value. value 
12 Dodecane 371 373 —2 24 Tetracosane 516 517-6 1.6 
13 _ Tetdecane 387 388.1 —1.1 25 Pentacosane 526.7 
14 Tetradecane 402.5 4026 --o1 25 Hexacosane 35-5 
5 Pentadecane 417 416.6 +0.4 27 Heptacosane 543 543-9 —09 
16 Hexadecane 430.5 429.8 +0.7 28 Octacosane Lei 552-2 et 
17 Heptadecane ‘ 442.5 ps 29 Noenacosane ; 560 eee 
18 Octadecane 454-5 454-4 +0.1 30 Triacontane on 567.6 
19 Nonadecane 156 466 o 31  Hentriacontane 575 3748 +0.2 
20 Eicosane 478 477.2 +o.8 32 Dotriacontane 583 5819 +11 
21 Heneicosane 488 487.9 +01 33 Tritriacontane , 588.5 
22 Docosane 497 498.1 —1.1 34 Tetratriacontane ..... 595 


23 Tricosane 507 508.1 —1.1 35 Pentatriacontane 694 601.5 +2.5 
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TABLE IV TABLE V 
‘or B.P. under 30 mm. pressure : For B.P. under 50 mm. pressure : 
a/ 13270 (n-0.55) ,/ 14190(n—0.55)) 
1 +0.0001084n"* 1+0.001136n? * 
Carbon Paraffins. Obsd. Cale Error. Carbon Parattins. Obsd. Cale. Error. 
itc ms value. value. atoms value. value. 
il Hendecane 369.5 370 —0.5 10 Decane 363 363-7 —0.7 
12 Dodecane 386.8 386.8 o Il Hendecane ae 382 
13 ‘Tridecane 403 402.8 +0.2 12 Dodecane ae 399 2 
i4 Tetradecane 4185 418.1 +0.4 13 Tridecane 415.5 415.5 ° 
15 Pentadecane 433 432.7 +0.3 14 Tetradecane 431 431.2 —0.2 
6 Hexadecane 447 446.6 +04 15 Pentadecane 446 446 oO 
22 Heptadecane 460.5 460.1 +0.4 16 Hexadecane 460.5 460.3 +0 2 
18 Octadecane 473 473 oO 17 Heptadecane 474.5 473.9 +06 
19 Nonadecane 485 485.4 0.4 18 Octadecane 1875 487 +05 
109 Nonadecane 499-5 4995 oO 
Tasie VI 
For B.P. under 100 mm. pressure : 
15670 (n —0.55) ‘ 
1+ 0,0001724n" 
Carbou atems. Paraffin. Observed Calculated Frror. 
value. value. 
iI Hendecane 490 400. = nee 
12 Dodecane 418.5 418.4 +0.1 
8 Tridecane 135-5 435 4 +01 
‘4 Tetradecane 451 5 451.5 ° 
is Pentadecane 467 166.9 +0.1 
16 Hexadecane 481.5 481.5 ry 
17 Heptadecane 496 195-5 +0. 
18 Octadecane 509 509 
i9 Nonadecane §21 $23.7 -0.7 


From the above tables it will be noticed that the agreement between the calculated 
and the observed values is fairly good. 

The boiling points of halides, ainines, ethers and various other derivatives are being 
investigated. 

The author is highly grateful to Dr. R. D ‘Tewari for his help and encouragement 
in the work. 
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CONDENSATION OF ARYL DIAZONIUM SALTS WITH REACTIVE 
UNSATURATED COMPOUNDS. PART V*. ACTION OF ARYL 
DIAZONIUM CHLORIDES WITH BROMOMALEIC ACID 


By Sarin Dass REHAN AND Kunjy BeHnARI LAL MATHUR 


An aryl diazonium chloride reacts with bromomaleic acid (A) to give a 8-arylated product, viz , an 
a-bromo-A-arylacrylic acid of a certain stereoisomeric form The non-reversible nature of radical and ionic 
addition for (A) is confirmed and the occurrence ot 8-arylation both in (A) and citraconic arid is clarified 


Dhingra and Mathur (this Journal, 1947, 24, 123) extended the diazo reactions of «f- 
unsaturated carbonyl componnds (cf. Meerwein et al., J. prakt. Chem., 1939, it, 182, 
237; Koelsch et al., J. Amer. Chem. Soc., 1944, 66, 412) conducted in the-presence of 
sodium acetate and copper chloride to citraconic acid and mesaconic acid, both represent- 
ing an unsymmetrical unsaturated system 


x xX 


| 
HC=——cC-R (X= —COOH ; R= —-CH;} 





- 


containing two activating groups. In the cases studied, the aryl diazonium chlorides 
reacted so as to give an 4-methyl-8-arylacrylic acid according to the following procedure: 


HOOC ae COOH 
| | 
ArN,Cl + ". a= (C-CH, —— + . ane HCl 
} a 
Citraconic acid. Ar 7 
B 


and as is natural (cf. Koelsch et al., loc. cit.. p. 413), when coupling occurs adjacent to a 
—COOH group, the elements of carbon dioxide were also expelied. The reaction showed 
that arylation had occurred 8 to the methyl group, and further, it was also reverse to the 
ionic mode of addition known for citraconic acid. This reversai could kappen, if the diazo 
reaction had involved radical addition (cf. Ann. Rep. Chemical Society, London, 1948, 


Pp. 155)- 

*In Part IV (this Journal, 1951, 28, s07) the action of aryl diazonium chlorides was studied on 
a-methylacrylic acid, whereby a-methylcinnamic acids were obtained A paper by Fusco and Rossi 
(Gazzetta, 1948, 78, 524) abstracted rather late in the British Abstracts (1951, All, 413) came to our 


By coupling diazoti:ed bases, different from those described in Part IV, with a-methyl- 
They had used acetone as the solvent. It may 


notice later. 
acrylic acid, they too had gut amechylcinnamic acids. 
be noted, however, that before the appearance of Fusco and Rossi's paper, the principle that the 
interaction of diazo salts with maleic acid and acrylic acid type of compounds would give cinnamic 


acid derivatives had already been worked out in the studies earlier in this series. 
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The diazo reactions, conducted as above, have often been helpful in checking the 
results (vide Koelsch et ai., joc. cit, p. 415 and foot note) in other fields of work e. g., 
in the peroxide-directed addition of hydrogen bromide to olefines. For instance, 
contrary to the findings f rom the peroxide-directed addition of hydrogen bromide to 
cinnamic acid, the diazo reaction with the latter, e. g., 


ArN,Cl + C,H;CH=CH-COOH = C,H,CH=CHAr + CO,+N,+HCl 


Cinnamic acid A stilbene. 


definitely showed that radical addition to this acid should be reverse to ionic addition. 
On the other hand, with the aliphatic «8-unsaturated monobasic acids, their esters and 
nitriles, the similar procedure go to confirm the earlier conclusion that in these cases the 
radical and ionic addition both occur at the 8-position. 

Connected with the study of unsymmetrical molecules, it became of interest to 
know how an aryl group would add itself to bromomaleic acid, which has the substituent 
bromine, opposite in character to the methyl group in citraconic acid. It is worth 
mentioning, however, that in the addition of hydrogen bromide to bromomaleic acid, 
in the presence or absence of peroxides, «8-dibromosuccinic acid is only isolated. ‘The 
non-isolation of the a«-isomer in the presence of peroxides might have been dve to ex- 
perimental difficulties. Or else, the non-ionic and ionic mechanisms of addition. may 
both be operating, but in cither case the 8-position alone is affected, providing thus with 
another instance where radical attack would bring about no reversal in addition. With 
the object to clarify these points, the condensations of ary! diazonium chlorides have been 
studied with bromomaleic acid in the present investigation. 

When /-nitrobeuzene diazonium chloride is reacted with bromomaleic acid in the 
presence of sodium acetate and cupric chloride, the reaction occurs with effervescence 
which is fairly rapid at first but continues slowly for two days. The reaction mixture 
contains a brown solid from which aqueous sodium bicarbonate extracts out an acid 
of m. p. 207°. ‘The acid is unsaturated and monobasic and corresponds in properties to 
trans-p-nitro-4-bromocinnamic acid, 


O,N.C.H,. C.H 
H| 
Br.C. COOH 


Similar results are obtained with m-nitro- and o-nitrobenzene diazonium chlorides, 
a- and 8-naphthalene diazonium chlorides, the reaction products being trans-a-bromo- 
cinnamic acids and 8-naphthalene-t-and-2-4-bromoacrylic acids, the latter presumably 
aiso of the trans type. The identity of the p- and o-nitro-«-bromocinnamic acids has 
also been demonstrated by comparison with the authentic products. 

On the other hand, when p-chlorobenzene diazonium chloride is reacted with 
bromomaleic acid, the reaction occurs again with great effervescence, but from the 
insoluble reaction product aqueous sodium bicarbonate extracts out an acid of m. p. 129° 
which with traces of bromine in carbon disulphide goes over to an ‘isomer having a much 
higher melting point. Considering this, the lower melting acid appears to be cis-p- 
- chloro-&-bromocinnamic acid : 
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. Ca, oe 
HOOC .C.Br 


a fact which has been substantiated by comparing the acid with an authentic sample of 
cis-p-chloro-4-bromociunamic acid. Reactions made with m-chloro- and o-chloro- 
benzene diazonium chlorides also indicate the formation of the cis-%-bromocinnamic 
acids. However, similar reaction with p-bromobenzene diazonium chloride yields a 
mixture of cis- and trans-p-bromo-a-bromocinnamic acids. 


In one experiment with p-nitrobenzene diazonium chloride, the evolved gases have 
been observed to contain carbon dioxide. As in no case there is found evidence for the 
formation of 8-bromo-4-arylacrylic acid, the reaction occurring between ary! diazonium 
chlorides and bromomaleic acid may be formulated as under: 


HOOC age r JOH 
ArN,Cl + HC=—=C-Br ——-—-—~ ArCH==¢-Br+CO,+ N, + HCl 
8B x B a 


the arylation occurring at the 8-position, These acids cannot have resuited after spon- 
taneous dehalogenation of an adduct, e. g., 


HOOG COL )H * ae 
HC — C=Br -HC! HC===C - Br + CU, + HCl. 
| | =k ] 
Ar Cl ’ Ar 
— 
or —HBr on ide -Cl+CO,+ HBr 
ate Ar 


in the final stages of the reaction. In that event some «-chlorocinnamic acids should 
also have been present in the reaction mixtures. They appear to be formed directly as 
shown in the equation. 


It is clear, however, that, unlike cinnamic acid, bromomaleic acid isa genuine case 
in whose reactions ionic and radical addition cause no reversal. Recalling also the 
results obtained with citraconic acid, it is evident that in both cases (I, X=—COOH; 
R=Br &-CH,) the intermediate radical first formed is ‘II A) 


x x x x x x 

H¢——C-R ——> HC — C-R+Ar, ——-> HC—-—2-R 
Ar (radical) Ar 
(IIb) (1) (Ta) 


(which is more stable than IIb). But, with two substituents opposite in their elec- 
trical effects (Br: —1, + M; —CH,: +10), it is difficult to see how application of Koelsch’s 














CONDENSATION OF LYRA DIAZONIUM SALTS, ETC. 5438 


concept of the ease of resonance ‘loc. cit., p, 413) can explain the greater stability of 


(IIa) in both cases. The same difficulty is there with regard to radical addition known 
for bromvethylene (vinyl bromide) and propylene (I, X=H, R=Br& —CH,;)}. Based 
on his new concept, Barton (Nature, :948, 162, 182), however, has shown that in the last 


two cases, the carbon atom 2 shuld be the seat of radical attack as, referred to the 


symmetrical molecule ethylene (I, X=H, R=H), it has the greatest differential electron 
density. Considering that in the acids (I, X=—-COOH, R=Br &-—CH,)} the two 
COOH groups {‘-I, —M), would tend to caus the same depletion of electrons at carbon 
atoms i and 2, it can similarly be justified that the carbon atom 2 in both of these acids 
will still be left with highest differential electron density, and therefore amenable to 


radical attack. 
The precise factors which govern the formation of a particular stereoisomeric cinna- 


mic acid are being further studied. 
EXPERIMENTAL 


Bromomaleic acid ‘m.p. 141°} was prepared by Walden’s method (Ber , 1897, 30, 
2886). The dibromosuccinic acid needed for this preparation was efficiently obtained 
by the bromination of sodium fumarate (vide Eichelberger, J. Amer. Chem. Soc., t926, 
48, 1321). Employing Naar’s method ‘Ber., 1891, 24, 250; for proof of configuration 
cf. Reich and Chang, Helv. Chim. Acta, 1920, 3, 235: the trans-o-nitro-%-bromocinnaiic 
acid of m.p. 208° (lit., m.p. 211°) and trans-p-nitro @-bromocinnamic acid of m.p. 206° 
were obtained by the oxidation of o- and p-nitro-z-bromocinnamic aldehydes, m.p. 96° 
and 136° respectively. ‘The latter two were obtained together by the nitration of 
a-bromocinnamic aldehyde which in turn was obtainable from cinnamic aldehyde (cf. 
Zincke and Hagen, Ber., 1884, 17, 1814,. The mixture of the nitro-aldehydes couid 


also be separated by steam distillation, when the o-isomer came over in the steam dis- 


tillate much more readily than the p-isomer. The crude aldehydes could then be further 


purified in the usual manner. The cis-p-chloro-%-bromocinnamic acid ‘m.p. 129°), 
also needed for comparison, was obtained from p-chloro-+ 8-dibromodihydrocinnamic 
acid (m.p. 187°) according to the method of Reich et al. (Helv. Chim. Acta, 1920, 8, 
793): 

In the acids synthesised, the extra-nuclear 
dehalogenating a sample by heating it with 10% aqueous caustic soda (25 c.c.} for 
2 to 3 hours and determining the liberated bromine by Volhard’s method. The dehalo- 


genation was quantitative. 
All the experiments were done in the absence of acetone ‘vide Rai and Mathur, 


(labile) bromine was estimated by 


this Journal, 1947, 24, 383). 
Condensation of p-, m- and o-Nitrobenzene and 2- and 8-Naphthalene Diazonium 


Chlorides with Bromomaleic Acid.—p-Nitroaniline {3.45 §-., M/40) was dissolved in 
hydrochloric acid (conc., 6 c.c., 2.5 times the base) and water (to c. c.} with a little 
warming. The solution was then suddenly cooled by addition of crushed ice (3.4 g.)- 
To the hydrochloride, precipitated in the form of fine crystals, was added an ice-eold 


2—1777P-— 10 
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solution of 87% sodium nitrite (2.1 g., M/40) in water (7c. c.) all at once. The diazo- 
tised base was filtered through glass wool and the filtrate added directly into a solution 
of bromomaleic acid (4.82 g., M/40), sodium acetate ‘5.75 g.) and copper chloride (1 g.) 
in water (20 c.c.). The reaction mixture was stirred and warined to 30°-35°. There 
was a brisk effervescence in the beginning which could continue for a long time (2 days). 
However, after keeping overnight, the mixture was filtered and the residue treated with 
10% aqueous sodium bicarbonate {10-15 c.c.) with a little warming. The sodium bicar- 
bonate extract upon acidification gave aun acid, which after trituration with benzene, 
crystallised from hot water in needles, m.p. 207°. According to Naar (loc. cit } trans p- 
nitro-2-bromocinnamic acid has m.p. 206°. ‘Found: Br, 29.33; equiv., 271. C,H,O.NBr 
requires Br, 29.07 percent. Equiv., 272). It gave an ethyl ester, mp.94°. Ethyl 
trans-p-nitro-@-bromocinnamate has m. p. 94-94.5° (vide Pfeiffer, Ber., 1914, 47, 1769). 
Mixed im. p. of the nitro-acid with a sample prepared by Naar's method (vide supra) 
207°, yield 0.937 g. (15%). It was observed, however, that on allowing the effervescence 
to go on for a longer time the yield was somewhat better. 

In a similar experiment, with twice the amount of material the evolved gases were 
scrubbed through dilute hydrochloric acid and were led through baryta water, when a 
milkiness was produced, showing the presence of CO,. 

Experiments were done also with m- and o-nitroanilines and «- and 8-naphthyl- 
amines, but the last three amines required acetic acid as a solvent during Cciazotisation. 
All of them finally gave trans-acids. The results, which for the sake of comparison 
include those of the p-nitroaniline as well, are recorded in the following table. 


TABLE I 


trans @-Bromo-8-arylacrylic acid. 


Amine diazotised Vietltd. M. p. & appearance. %, Bromine. Equivalent. 
(with AcOH, if 
necessary) Observed Expected Obs. Calc Obs. Calc. 
p-Nitroaniline 0.937 8- 15% Needles (H,0), Needles (H20', 29.33 29 97 271 272 
(3-45 g-) m.p. & mixed m.p. 206°. Ethyl 
m.p. 207°. Ethvl ester, m.p 94° 
ester, m.p. 94° (vide supra) 
m-Nitroaniline 1.40 21 Needles Needles *(benzene), 2910 29.07 275 272 
(3-45 g.) (benzene), mp. m.p 217-18° 
217-18°. Ethyl Ethyl ester ** 
ester,m_p. 74°. m.p. 74° 
0-Nitroaniline 0.24 5 Needles (H,O), Needles (H,0), 29.23 29.07 276 272 
(3.45 g-, ACOH m p. 208°; mixed m.p. 208 
T5 ¢.C.) m.p. 2.8°. (vide supra) 
a-Naphthylamine 0.33 4 Fine needles (dil. ---— 29.00 28.90 255 277 
(AcOH, 7 c.c ) alcohol), m.p. 152°. 
8-Naphthylamine 0.25 3 Needles (H,O), m.p. -—--— 34-92 28.90 259.1 277 


(AcOH, 7 c.c.) 


162-65° (impure) 





* Reich and Koehler, Ber., 1913, 46, 3733. 
** Wollering, Ber., 1914, 47, 110. 
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Condensations of p-,m- and o- Chlorobenzene Diazonium Chlorides with Bromo- 
maleic Acid.—The p-chloroaniline (3.2 g., M/40) was diazotised and then condensed 
with bromomaleic acid (4.82 g., M/40) as in the case of p-nitroaniline. ‘The reaction 
mixture was filtered and the residue treated with 10% aqueous sodium bicarbonate 
(10-15. c.). The bicarbonate extract was filtered, the filtrate and washings were acidified 
with concentrated hydrochloric acid when an acid was precipitated. It was filtered, 
washed with water and dried and then crystallised from petroleum ether in needles, 
m.p. 129°. Accordiug to Reich et al. (loc. cit.), cis-p-chloro-e-bromocinnamic acid 
has m.p 129°. (Found: Br, 29.3; equiv., 260.2. C,H,O,CIBr requires Br, 30.65 per cent. 
Equiv., 261.5). Mixed m.p. of the acid with the authentic cis p-chloro-%-bromocinnamic 
acid was 129°, yield 1.35 g. (20%,;. Refluxing the acid in carbon disulphide with 
2 to 3 drops of bromine raised the m.p. of the acid to 200°. Reich et al. by doing the 
refluxing in chloroform solution claimed for the trans-p-chloro-2-bromocinnamic acid 
am. p. 256°, which could not be attained in carbon disulphide solution. 

Experiments were repeated with m-chloro- and o-chlorobenzene diazonium chlorides 
when also cis-cinnam‘c acids were obtained. The results, which include those from 
the p-chloroaniline again, are recorded below. 


TABLE II 


cis-2-Bromocinnamic acid. 


Amine diazotised Yield. M p. & appearance. % Bromine Equivalent. 
(3.2 g., M/40) 
Observed. Expectedt+ Obs. Cale. Obs. Cale. 
p-Chloroaniline 1.35 g. 20% Needles (pet. Needles (pet. ether) 29.3 30 65 260 2 261.5 
ether), m.p m.p. 129° 


& mixed m.p. (vide supra) 


129° 


wa 


m-Chloroaniline 1.34 20 Crystals (abs. Needles (dil. ACOH 31.34 30.65 259.7 261.: 
alc. +CS 9), m.p. or pet. ether), m-p. 
*87° 100°. 
Refluxing (6hrs ) Trans isomer, m_p. 
in pet.ether+ 140°. 
Brg (2 drops) 
raised m.p. to 
237°. 

o-Chloroaniline 0 73 1I Long needles Long needles ‘hot 30.10 30.65 254.6 261.5 
(H,O), m.p. 125°. H,O), m.p. 128°. 


*sample appeared to be Contaminated with the trans-isomer In fact its m.p., though low in the 
beginning, rose considerably on keeping. 
+ Vide Reich et al., loc. cit. 
Condensation of p-Bromobenzene Diazonium Chloride with Bromomaleic Acid in 
the presence of Copper Chioride and Sodium Acetate.—The diazotised amine (4.3. g., 
Mj40) was condensed with bromomaleic acid (M/40) as in the case of p-nitroaniline. 
Effervescence, which was quick in the beginning, continued for over two days. Aqueous 
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sodium bicarbonate extracted front the solid formed during the reaction, a mixture of 
acids, yield 2.1 g. An extract made out of the crude acids with excess of boiling 
water on cooling deposited needles, and left a residue (R, 1.1 g.). The former had m. p. 
147°. [Found: Br (labile), 25.84; equiv, 307.7. C,H,O.Br. requires Br (labile), 
26.1 percent. Equiv., 306]. The.residue (R) was recrystailised twice from dilute alcohol 
(1:4) giving mostly another acid, m. p. 216°. (Found: Equiv., 305. CyH,O,Br, requires 
equiv., 306]. However, in working the residue (R), a very small amount of a material 
relatively less soluble in dilute alcohol was also isolated, but it could not be identified. 
The acids of m.p. 147° and 216° appeared to be cis-trans isomerides. This was con- 
firmed in the foilowing way ‘cf. Reich et ai. for the p-chloro analogue). 

The acid of m.p. 147° ‘0.2 g.) was refluxed with chloroform (30 c.c.) containing bro- 
mine (2-3 drops) for 14 hours. Afterwards, the chloroform was distilled over. The 
residue was recrystallised from dilute alcohol (1:4) in needles, m.p. 217°. [Found: Br 
(labile); 25.63 ;. equiv., 307. CyH,U,Br, requires Br (labile), 26.1 per cent. Equiv., 306]. 
Mixed m. p. with the acid from the residue (R), 216°. 

It is significant to note that p-chlorobenzene diazonium chloride did not yield with 
dibromomaleic acid, the known cis- or irans -p-chloro-%8-dibromomaleic acids, but 
rather a very sinall amount of an unidentifiable, low melting acid of m.p. 92-95°. In all 
the experiments described above, there was invariably found a considerable amount of 
non-acidic matter present in the reaction mixture. 

The authors desire to thank Prof. T. R. Seshadri, Ph.D., F.R.1I.C., F.A.Sc., F.N.I., 
Head of the Department, for facilities. 
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HEAT OF WETTTING OF ANIMAL CHARCOAL BY DIFFERENT SOLVENTS 


By A. C. CHATTERJI AND R. D. SRIVASTAVA 


The relationship between the heat of wetting of animal charcoal by different soivents and the 
adsorption of aromatic acids and hydrocarbons have been discussed. It has been found that the 
adsorption of naphthalene and acenaphthene decreases as the heat of wetting decreases, but on the 
other hand, in the case of acids, reverse relation is true which is probably due to the presence of the 
polar group in the acids. 


Pouillet (Ann. chim. phys., 1822, 20, 141) noted a rise in temperature when a fine 
powder was brought in contact with a liquid having apparently no solvent or chemical 
action on the powder. The heat evolved, when one gram of powder is immersed in a 
liquid, is called the heat of wetting or the heat of immersion of the powder. 

When charcoal is dropped into a liquid, the liquid penetrates the vharcoal with 
the result that the solid-gas interface disappears and a new liquid-solid interface 
appears in place of the former. If the charcoal possesses initially a surface tension 
yso and the specific area, x, and after immersion the interfacial tension becomes ys and 
the surface area «’, then according to Williams (Proc. Roy. Soc. Edin., 1917, 18, 38, 
23) the heat of immersion of one gram of charcoal will be 


-H=2(r0-18%e )-r(.-1 4 ) 1 A 


With a solid adsorbent like charcoal, where swelling is of a small order of magnitude, 
the surface is not appreciably altered by the wetting process and the equation becomes 
after taking «=2’, 


—-H=«2 m=) ar ( 2 - tm (9) 


On neglecting the variation of surface tension, 
-H =z (Yeo — Ys) = aA. “L) son (3) 


where Aj;s-1) is the adhesion tension of liquid A against the solid charcoal and is equal 
to (yso—ys.) by definition. From the above equation it is clear that on wetting an 
amount of heat is set tree which is equivalent to the decrease in surface tension. 

Gibbs adsorption equation also gives a relation between the adsorption and the 
decrease in surface tension, and so here appears a kind of resemblance between adsorp- 
tion and the heat of wetting. The present work was undertaken with a view to 
ascertaining whether or not it was possible to account for the heat of wetting of animal 
charcoal on the basis of adsorption from solutions. 

During the process of adsorption, adsorbent added is rot free from air, and therefore 
work on wetting has been done with the adsorbent exposed to air. Evidently the 
surface is covered in such cases with an adsorbed film of air or of some of its constitu- 
ents. The effect of such an adsorbed film is to retard the wetting process and also to 
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introduce energy changes acccompanying its displacement (Razouk, J. Phys.. Chem.., 
1941, 45, 180). ‘Therefore, values thus determined will not be very correct, but a com- 
parative idea can be formed. 


EXPERIMENTAL 


Purification of Chemicais.—All the wetting liquids were of the best quality. They 
were purified and dried according to standard methods. Animal charcoal used was 
chemically pure and was free from phosphate and chloride. It was sieved through 
3600/sq. cm. mesh. It was used after drying at 110”. 

Apparatus.—The apparatus is similar in type to that of Patric and Grim (J. Amer. 
Chem. Soc., 1921, 48, 2144). The calorimeter was a Dewar flask stoppered with a 
well fitted cork through which passed two thermometers (one of the Beckmann type 
and the other. an ordinary graduated up to 50°C), the heater, stirrer and stoppered tube 
open at both ends containing animal charcoal. The heater consisted of a manganin 
coil of resistance nearly four ohms, wound around the closed end of a glass tube and 
soldered to thick copper leads. ‘The resistance was accurately determined at the end of 
each experiment by meter bridge. 

The calorimeter was fitted up and then put in a thermostat, the temperature of 
which was kept constant. When equilibrium conditions were established, the stopper at 
the lower end of the tube containing charcoal was opened by pushing from above. The 
rise in temperature was observed and corrected for the loss of radiation and conduction. 
At the end of each experiment the heat capacity of the system was determined by 
measuring the temperature rise due to the passage of known electric current through 
the heating coil for a definite period of time. ‘The current was measured by depositing silver 
in series with the experiment. The coulometer solution was as suggested by Wartenberg 
and Schutza, (Z. Elektrochem., 1930, 86, 254). 

Results obtained are given in Table I along with the values of the substances adsorb- 
ed at 0.2M concentration in millimoles/litre. Values of heat of wetting are the mean of 


TABLE I 
Adsorption in_ millimoles/Iltre at o.2M concentration 
Solvent. Heat of wetting Benzoic o-Nitrobenzoic Phthalic acid. Naphth- Acenaph- 
(cal /g.). acid. acid. (0.2N). alene. thene. 
MeOH 33-82 31.2 30.4 37-9 45.6 61.6 
EtOH 32.97 31.0 46.4 34-5* 41.7 58.4 
n-PrOH 31.46 30.8 53-5 64.9 31.1 42.5 
n-BuOH 30.59 30.7 58.3 66.8 28.2 39.7 
Acetone 30.02 28.2* 34.7* 46.5* 27.6 38.9 
Acetic acid 25.48 28.9* “on ae 28.2 37.1 
Benzene 17-44 43-5 _ — 15-5 276 
Toluene 17.14 40.2 — 12.10 259 
Chlorobenzene 16 70 26.5* _ _ 9.6* 22.4 
n-Hexane 16.17 "45.6 _ — 12.5* 17.8* 
Chloroform 15.33 47 8 -— — 13.6* 18.2 
CCl, 11.94 56.0 -- _ 9-3 16.9 


* are irregularities. 
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three readings. In ‘Table II the values of heat of wetting are given when a known 
weight of naphthalene was added to the solvent. The heat of wetting slightly decreased 
in solvents: MeOH, EtOH, n-PrOH, n-BuOH, acetone and acetic acid, and increased 
in the other solvents studied when naphthalene was added to the soivent. 


TABLE II 


Heat of wetting in cal./g. when the following percentage of naphthalene 
was added by weight in 100 c.c. of the solvent. 


Solvent 

Io 2%- 3%- 1%. 5° 
MeOH 33.80 33-76 33-70 33-73 3-58 
EtOH 32.05 31.85 31.84 31.73 31. 
n-PrOH 31.01 30.98 30.76 30.58 — 
n-BuOH 30.42 30.30 30.00 30.00 = 
Acetone 30.02 30.01 30.04 30 o8 —_ 
Acetic acid 25.30 25.28 25.08 25.02 24.98 
Benzene 18.6 18.8 18.52 18.62 19.30 
Toluene 17.36 17.48 17.69 18.0 17.59 
Chlorobenzene 149 16.96 16.56 16.40 _ 
n-ilexane 16 10 16.14 16.12 15.19 16.65 
CHCl, 15.19 15.90 15.98 16.2 16.30 
CCl, 12.6 12.82 12.53 12.9 13.00 


DISCUSSION 


From equation (3) it 1s seen that if the heat of wetting is large, adhesion tension 
of the liquid against the solid will also be large. It is observed from the values of 
the heat of wetting given in [able I that the heat of wetting of MeOH is large and 
so adhesion tension will also be large, and it will be large for ail substances containing 
polar groups like —CUOH, —CHO, —CN, —NH,, —CONH, etc. according to Harkins 
(J. Amer. Chem. Soc., 1920, 42 700), and will be less for hydrocarbons and other 
saturated compounds. Therefore, according to the argument given above, adhesion 
tension will be large for acids ‘benzoic, o-nitrobenzoic and phthalic acids) and less for 
hydrocarbons (naphthalene and acenaphthene). 

Suppose a smali amount of a solute, B, is added to the pure solvent. Adsorption 
occurs in a finite iime. At zerotime, that is before the adsorption, the concentration 
is greater than that after adsorption. There will also be the desorption of A, the solvent. 


The free energy change in this step No. (i) will be 
AF = AF, + OF» <a oo 


where AF is the free energy change due to change in concentration of the solution as a 
result of adsorption of B, and AF, is that due to the desorption of A. AF, isa negative 
quantity, as some quantity of B is removed from the solution by adsorption, and AF, isa 
positive quantity. 

But when B displaces A from the surface, there will be a change in free surface 
energy. The decrease of free energy due to the adsorption of B is (a’As-») and the 
increase due to adsorption of A is (a’As-.), where a’ is the area on the adsorbent which 





9) 
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was formerly occupied by A but is now taken up by B, and (A,-») and (A,-.) are the 
adhesion tensions of B and A respectively. The total change is of course the sum of 
two changes (step II). This will be very smal] in the case when B is any acid (as in 
this case adhesion tensions will be nearly equal) and the solvent is also polar as stated 
above, and in the case of hydrocarbons this difference will be large when the solvent 
is polar. 

As the concentration of B is further increased, the free energy decrease due to 
dilution of B through adsorption of it will become smaller and smaller, and a time will 
come when this will be equal to the increase of free energy due to displacement of A. 
The state of equilibrium between the adsorption of solu e and solvent will be reached 
only when there is no total energy change in both steps No. (1) and (II) combined. 

Now, when the change in step (II) is small, as in acids due to nearly equal adhesion 
tension, the state of equilibrium will be reached very soon and the equilibrium will be 
attained sooner, the larger is the heat of wetting or the energy change during desorp- 
tion which will be numerically the same as during adsorption. ‘Therefore, less adsorp- 
tion of acids will occur from the solutions the solvent of which has a high heat of 
wetting. Berl and Wachendorff ‘Kolloid Z., Zsigmondy Festchrift, 1925, 36) also 
concluded the same thing. Gurvitch (Kolloid Z., 1923, 82, 80) also found an inverse 
qualitative relationship between heat of wetting of the solvent and the sorption of 
benzoic acid from it. 

In the case of naphthalene and acenaphthene, euergy change of step (II) is also 
remarkable and so nearly whole of the energy due to adsorption of A (a’A,-) is to be 
compensated by the energy of dilution of B, and as it becomes smaller and smaller as 
the concentration of B increases, it will be compensated only when large quantities of 
A are desorbed, and therefore here amounts of B adsorbed will be large. So, as the 
heat of wetting increases, adsorption of naphthalene and avenaphthene and other hydro- 


carbons also increases and vice versa. 


! is observed that as the heat of wetting 


From the data given in Table 1, it 
decreases, the adsorption of naphthalene and acenaphthene also decreases, but in acids the 
case is reverse. Chlorobenzene, n-hexane and CHC, beliave differently in some cases. 

One of us, R. D. S., is thankful tothe Govt. of India for the grant of a scholarship 


and to the Lucknow University for giving facilities to work. 
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ANALYTICAL CHEMISTRY OF THORIUM. PART X. AMMONIUM 
FUROATE (‘PYROMUCIATE) AND SODIUM SULPHANILATE 


By D. LAKSHMINARAYANA AND Bu. S. V. RAGHAVA Rao 


Two new reagents, ammonium furoate and sodium sulphanilate, have been investigated and 
recommended for the estimation and separation of th rium from the rare earths. The first functions 
in the pa above 2.0, estimates as little as 2.2 mg. of ThO, and frees in one precipitation thorium 
from fifty-fold excess of cerite earth oxides. The second functions in the pa above 2.3, estimates as 
small as 1 mg. of ThO, and frees similarly from a 100-foid excess of cerite earth oxides. Both the re- 
agents have been used to estimate thorium in monazite. 


Furoic acid has been recommended for its valuable qualities by Kellog and Kellog (Ind. 
Eng. Chem. Anal. Ed., 1934, 6, 251) as an acidimetric standard. It is now observed that 
the acid possesses the property of precipitating thorium leaving the rare earths in solution. 
The thorium recovery is incomplete against the acid, but when the acid is neutralised 
with ammonia or better still, when its ammonium salt is employed, complete precipi- 
tation.of thorium as well as separation from the trivalent rare earths in fifty-fold excess 
takes place from solutions of pa above 2.0. 

Sulphanilic acid has been used as a colorimetric reagent for Ce’ by Montigne . 
(Bull. soc. chim., 1939, 6, 889). Neither the acid nor its ammonium salt precipi- 
tates thorium: from neutral solution, while its sodium salt precipitates thorium quantita- 
tively and frees it from a 100-fold excess of trivalent rare earths from solutions of 
fu 2.3. These two reagents thus ,erve to free thorium from the rare earths of monazite 
after the usual treatment with oxalic acid to remove phosphoric acid, zirconium, etc. 

The precipitate of thorium with sodium sulphanilate is gelatinous and corresponds 
probably to a hydrous oxide with varying amounts of thorium sulphasiilate. The 
furoate, on the other hand, although gelatinous on precipitation, turns micro-crystalline 
after about half an hour on the water-bath and appears to be a basic salt ‘vide infra). 
Thus, the precipitates with both the reagents require ignition to the oxide. 


EXPERIMENTAL 3 . 
The preparation of thorium nitrate and rare earth nitrate solutions has. been-des-:+ 
cribed in an earlier commuication (this Journal, 1950, 27, 81). Other reagents employed 


were of the B.D.H Analar grade. 
Ammonium Furoate 


Procedure.—The thorium solution containing about 0.1 g. of Th, is neutralised 
until a drop of thymol blue gives an orange coloration, then diluted to 100 mil. 
The solution is heated to boiling when roo ml. of a boiling 1% solution of ammonium 
furoate are-added with constant stirring. A white flocculent precipitate results whieh 
on being “heated on a _ water-bath for 4 hour turns crystalline. The particles 
are, howevér, so small that they show often a tendency to pass through a medium 
pore filter. The precipitate is allowed to settle and the supernatant liquid is poured 
off through a Whatman 42 filter. After as much ‘of the liquid as possible lias been 


awed 


thus’‘removed, the residue~ is stirred up with a Httle filter pulp to facilitate further 
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filtration and washing. ‘The precipitate is washed with a hot 2% solution of ammonium 


nitrate, partially dried, ignited and weighed as ThOs:. 


carried out in this manner are shown in Table T. 


ThO, taken. 


0.0877 g. 
0.0438 
0.0292 
0.0088 
0.0035 
0 0022 


As little as 2.2 mg. of ThO, was successfully estimated. 


TABLE I 


ThO, estimated*. 


0.0877 g. 
0.0437 
0.0293 
0.0086 
0.0035 
0.0021 


*Mean of three estimations. 


Results of thorium estimations 


Difference. 


0.0001 g. 
+0.0001 
— 0.0002 


0.0001 


Effect of pu on the Precipitation of Thorium.—Since the acid precipitates the element, 
only partially, and since at high ps values the rare earth elements will also precipitate, 
the range of complete precipitation of thorium without interference from the rare earth 


elements was next investigated. The results are shown in Tabie IT. 


Initial thorium 
solution. 


1.6 
1.8 
2.0 
2.3 
3.0 


TABLE II 


ThO, taken = 0.0877 g. 


Final liquid. 


3.1 
3-7 
3.8 
4.0 


ThO, weighed. 


0.0860 g. 
0.0870 
0.0877 
0.0877 
0.0878 


Difference. 


—0.0017 g. 
— 0.0007 


+0.0001 


Separation from Cerite Earths.—Thorium was precipitated quantitatively from solu- 


tion of pa 2.0 and higher. 


lt was found, however, that the qualitative conditions des- 


cribed for the precipitatior. of thorium, did also free thorium from the rare earths. 


Results of test separations are shown in Table III. 


ThO, taken. 


0.0877 g. 
0.0877 
0.0877 
0.0877 
0.0035 
0.0035 
0.0035 
©.0035 


Cerite earth oxides added, 


0.1672 g. 
0.3344 
0.5016 
1.1376 
0.0557 
0.1672 
0.1756 
0.3344 


TABLE III 


ThOs, obtained. 


0.0877 g. 
0.0876 
0.0878 
50.0877 
0.0035 
0.0035 
0.0035 
0.0045 


Difference. 


—0.0001 g. 
+0.000T 
om 
-_ 


+0.0010 


Composition of the Precipitate.—Samples of the precipitate, washed finally with 
water, were dried to constant weight at 105°+5° and the ratio of ThO, to thorium 
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furoate was determined by ignition of the sample to the oxide. Different samples yielded 
slightly varying ratios. The composition of the precipitate may be best represented by 
the formula O= Th= X,.2H,0, where X represents the furoate radical, (C,H,O.COO-}. 

Estimation of Thorium in Monazite.—Thorium in a sample of monazite from 
Travancore, after decomposition in the usual way with concentrated sulphuric acid and a 
double precipitation with oxalic acid to render it free from phosphoric acid (cf. this 
Journal, loc.cit.), was estimated as described above. The results are shown in ‘able VII 
along with the results of estimation with sodium sulphanilate (vide infra). 


Sodium Sulphanilate 


Procedure.—The thorium solution (containing about 0.1 g. of ThO,) is made 
orange or pale yellow to thymol blue, diluted to tooml. and heated to boiling. A 
boiling 10% solution of sodium sulphanilate ‘So ml.) is added with stirring, and the 
resulting white gelatinous precipitate is further heated for five minutes with incipient 
boiling. After settling the precipitate is filtered through Whatman No. 42 filter and 
washed with hot 2% ammonium nitrate solution. The washed precipitate is partially 
dried, ignited and weighed. The results obtained are given in Table IV. 


TABLE IV ° 
Eslimalion of thorium with sodium suiphanilate. 

ThO, taken. ~ ThO, weighed * Difference. 
0.0877 g. 0.0878 g. +0.0001 g. 
0.0439 0.0440 +0 0001 
0.0035 © 0035 - 
0.0009 0.0009 = 


* Mean of three estimations. 


Thus, as little as 1 mg. of ThO, may be conveniently estimated. 
Effect of bu on the Precipitation of Thorium.—The precipitation of thorium under 
varying conditions of $x are shown in Table V. 


TABLE V 


ThO, taken=0.0877 g. 


pu of ThO, recovered. Difference. 
Initial thorium Final liquid. 
soln. 
2.0 — 0.0800 g. — 0.0077 g. 
2.3 4.0 0.0877 _ 
3.0 — 0.0877 _ 
3.8 4.2 0.0876 — 0.0001 


An initial px of 2.3 appears to be the limit below which thorium cannot be quanti- 
tatively precipitated. 

Composition of the Precipitate.—For this purpose the precipitate was finally washed 
with water although during this process some thorium was lost through thie filter. It 
was then dried to a constant weight at 105°+5° and weighed portions were ignited to the 
oxide. The ThO,: Th. precipitate ratios in two samples were 72.7 and 73.7 to roo 
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on the average. ‘This ratio as well as the behaviour of the precipitate during washing 
with water indicates that the precipitate consists mainly of the hydrous oxide together 
with small amounts of thorium sulphanilate. The pz 4. of the final solution for complete 
precipitation of thorium, which may be compared with the value 3.91 noted for the 
precipitation of thorium from Th(SO,), in dilute H,SO, by Bowles and Partridge 
(Ind. Eng. Chem. Anal. Ed., 1937, 9, 124), also lends support to this view. 

Separation from the Rare Earths.—Data on the precipitation of thorium in its 
relation to the pz of the solution mark out 2.3 as the minimum fxs at which the separation 
from other elements may be successfully attempted. In the case of rare earths it has 
been noticed that co-precipitation of these elements does not occur even at a much higher 
tu, 3.6. The procedure described for the estimation of thorium has been found to suit 
separation equally well. Results obtained in this way with varying amouuts of ThO, as 
well as different ThO,-R.O, ratios are shown in ‘Table VI. 


TaBLE VI 

ThO, taken. ~ RO; added. ThO, obtained. Difference. 
0.0877 g. 0.1672 g. _ 0.0877 a 

0 0877 0.3344 0.0878 +0.0001 g. 
0.0877 0.5016 0 0876 0.0001 
0.0877 0.7524 . 0.0877 - 
0.0877 1.6720 0.0876 —0.0001 
0.0877 2.6752 0.0877 . _ 
0.0439 3.0016 0.0439 -- 
0.0439 3.5112 0.0438 0.0001 
0.0035 0.3511 0.0036 +0.0001 


The reagent thus frees as little as 3.5 mg. of ThO, from a hundred-fold excess of 
ceria-earth oxides in one operation. 

Estimation of Thoria in Monazite.—Results of estimation of thoria in monazite 
employing (i) m-nitroberzoic acid, (ii) ammonium furoate and (iii) sodium sulphanilate 
are shown in Table VII. ‘The values shown under m-nitrobenzoic acid are those obtained 


on double precipitation. 


TasBLe VII 
%ThO, employing 
No. Monazite m-Nitro- Ammonium Sodium 
taken. benzoic acid. furoate. sulphanilate 
1 20 ml. 8.20 8.20 8.10 
2 20 8 19 ; 8.10 8.19 
3 20 8.18 8.18 8.20 
4 10 8 20 8 20 8.17 
5 10 : «ong :; 8.20 8.19 
6 10 8.19 8.21 8.20 
Mean 8.20 8,18 8.17 
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UN THE ROLE OF WATER CONTAINED IN THE SOLVENT USED 
IN FILTER PAPER CHROMATOGRAPHY. PART II 


By D. P. BuRMA 


The R¢ values of the amino-acids with n-butyl alcohol-acetic acid-water, amy! alcohol-acetic acid- 
water and benzy! alcohol-acetic acid-water of varving compositions as developing solvents have been 
determined. Rf values are found to increase with the increase in water content of the svstems. 
These three-component systems of suitable compositions have been found convenient for use as the 
second solvent for two-dimensional chromatography of the amino-acids . 


In a previous communication (Burma and Banerjee, this Journal, 1951, 28, 135), 
R: values of the amino-acids obtained with isopropyl alcohol containing varying amounts 
of water have been reported. Miscible solvents, as isopropyl alcohol, have the advantage 
that their water-content can be easily chosen at any desired value. In case of partially 
miscible solvents, however, the water-content can be varied only within the saturation 
limit. 

It has been observed that a medium water-content (say 30%) best serves the purposes 
of chromatography, but unfortunately, excepting oue or two ‘phenol, collidine, etc.), 
all the partially miscible solvents take up comparatively much little water for their satura- 
tion... R; values of the amino-acids developed with a solvent of low water-content are 
found to be very low and close to each other, thereby the solvent fails to resolve a mix- 
ture of them, The maximum amount of water taken up at 25° by butyl, amyl and 
benzyl alcohols are 20.27%, 9.8% and 10.8% respectively (International Critical Tables) 
and the maximum Ry; values obtained with these solvents, saturated with water, are found 
to be 0.42 (of nor-leucine in case of n-butanol), 0.18 (of nor-leucine in case of amyl alcohol) 
and 0.33 (of phenylalanine in case of benzyl alcohol) respectively. Due to such low Ry 
values, the development with these solvenis has to be carried out for long periods extend- 
ing from one to three weeks (Miettinen and Virtanen, Acta Chem. Scand., 1949, 8, 459). 


Many workers ‘Partridge, Nature, 1949, 164, 443; Hulme and Arthington, ibid., 
1950, 165, 716 ; Westall, ibid., 1950, 165, 717; Reed, J. Biol. Chem., t950, 183, 451; 
Pascu, Mora and Kent, Science, 1949, 110, 446) used these solvents for chromatography 
after addition of a third component, which is miscible with the solvents as well as water 
(e. g. pyridine in case of amyl alcohol, acetic acid in case of n-butanol, etc.). The 
object of the addition of the third component is obviously to increase the water content 
of the system. The effect of increased water-content of the three component systems on 
the R; values of the amino-acids has been thoroughly studied. 

. 


ExPERIMENTAL 


The R: values of the amino-acids with n-butyl, benzyl and amyl alcohols with the 
addition of various proportions of acetic acid as the third component were determined. 
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Owing to the high volatility of the solvents, ascending method of chromatography was 
followed (as described in Part 1, loc. cit.). 

The solvents were mixed up in measured volumes. ‘The water-saturation capacity 
of the solvents in presence of a definite voluine of acetic acid was determined roughly 
by observing the appearance of turbidity as increasing amounts of water were added. 
‘The water-content of the mixture, as used for chromatography, had always been less than 
that corresponding to the saturation capacity, so that lowering of temperature, if any, 
within reasonable limits did not bring about partial miscib‘lity. The mixtures having 
the. compositions used herein remained miscible down to about 20°. 


R: values of the amino-acids with various proportions of butyl alcohol, acetic acid 
and water are recorded in Table I. The amino-acids are arranged according to their 


TABLE I 


R: values of amino-acids with i-butyl alcohol-acetic acid-water. 
(Ascending chromatography) 


Comp. of the solvent mix. (buty] alcohol: acetic acid: water by vol.) 


Amino-acids. BuOH sat. —-— — _—-— ——_ ——~ Upper layer 
with water. 25 :2.5:7.5 25:15:12.5 25:7.5:18.75 25:10:20 4:1: of 4:1:5 
Cystine* 0.01 0.03 0.16 0.26 0.33 0.04 0.07 
Lysine* 01 .04 17 -33 .40 -10 II 
Asparagine OI 05 .18 -35 .40 .12 II 
Histidine .02 .05 -20 -37 -43 II -13 
Arginine* .02 07 17 -38 44 14 14 
Aspartic acid OI 07 17 -38 -45 15 -16 
Serine .03 .10 +22 .38 43 .18 18 
Glycine .03 -10 21 .38 45 -17 18 
Glutamic acid .03 .12 24 .44 .50 -22 -21 
Threonine 04 15 .27 44 .48 -26 21 
Alanine .06 - .30 48 51 .31 .25 
Tyrosine* 15 -32 .47 .60 63 .42 41 
Methionine .23 .36 .48 60 67 -52 43 
Valine .22 .38 .49 62 .68 50 47 
Tryptophane 23 43 .48 65 TI 47 +50 
nor-Valine .30 .43 55 .66 71 58 .§2 
Phenylalanine 34 .52 .60 71 75 62 60 
isoLeucine 335 -54 64 73 .76 66 8 61 
Leucine .38 54 .68 75 .78 67 62 
nor-Leucine 42 .60 68 78 80 69 68 


*Applied as hydrochloride and neutralised with NH; vapour. 
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increasing R: values. The second column shows the values obtained with butyl alcohol 
saturated with water. It has been reported that butyl alcohol, acetic acid and water, 
mixed in the proportion 4:1:1 (Reed, loc. cit.), and the upper layer obtained by mixing 
butyl alcohol, acetic acid and water in the proportion 4:1:5 ‘Partridge, loc, cit.), effect 
a good separation of the amino-acids from a mixture of them. Rr values obtained with 
these solvent mixtures are also recorded in the table for comparison. 


Table II records the R; values of the amino-acids obtained with various proportions 
of amyl alcohol, acetic acid and water and amy! alcohol saturated with water. In Table 
Ill are similarly presented the Rr values obtained with benzyl alcohol, acetic acid and 
water and benzy] alcohol saturated with water. Asa small amount of esterification is 
possible on miaing benzyl alcohol with acetic acid, the mixture is allowed to stand for a few 
hours before use to allow the reaction, if any, to be completed. Higher proportions of 
acetic acid were avoided for this reason. 


TABLE II 


R: values of amino-acids with amyl alcohol-acetic acid-water. 
(Ascending chromatography) 
Composition of the solvent mixture (amyl alcohol :acetic acid :water) 


Amino-acids. Amyl alcohol satd. —— -— — —aa, gta 
with water. 25:2-5 33 25:7-5 36 25:10 :8.75 25 215:9 25:20:30 
Cystine * re) y 0.07 © 20 0.23 


Lysine * 5 .09 26 -32 


Histidine * . 12 .31 +30 


Arginine * é 13 -33 .36 
Asparagine y j 15 26 -36 
Aspartic acid , d 15 -36 


Serine .02 : -17 31 
Glycine .02 ‘ +17 31 
Glutamic acid .03 ; -19 -40 
Threonine 04 ‘ .21 -40 
Alanine .05 0’ .26 .40 
Tyrosine * 13 ‘ .38 55 
Methionine .06 17 ‘ -43 58 
Valine .07 -18 , 46 “55 
Tryptophane 07 19 ‘ 45 63 
nor-Valine .07 .25 ‘ : 61 
Phenylalanine «15 +29 

isoLeucine 13 -33 

Leucine “15 -35 

nor-Leucine -18 -39 


* Applied as hydrochloride and neutralised with NH vapour. 
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TABLE III 


R: values of amino-acids with benzyl alcohol-acetic acid-water. 
(Ascending chromatography) 
Composition of the solvent mixture (benzyl alcohol :acetic acid :water) 


Amino-acids. Benzyl alcohol satd. eS ry —— 


with water. 2552.5 24 25 27.5 210.25 25 310::15.5 


Cystine* 0.01 , oO 15 0.24 


Lysine * 03 d .21 -33 
Asparagine 05 32 .24 34 
Aspartic acid 205 y 125 -35 
Serine . .06 5 124 

Histidine * ; d .04 26 
Glycine ’ .08 d 027 
Arginine * .30 
Glutamic acid .30 
Threonine 

Alanine 

Tyrosine 

Valine oR .38 

nor-Valine Sy 39 

Methionine ‘ 44 

Tryptophane i .48 -53 

isoLeucine ; . -49 55 

Leucine 51 -59 


nor-Leucine 51 61 


Phenylalanine ‘ .50 .60 67 


* Applied as hydrochloride and neutralised with NH; vapour. 


DISCUSSION 


Of the three partially miscible alcohols, used in the present investigations, n-butyl 
alcohol has the highest water-content when saturated with water. This explains high 
R: values obtained with this alcohol. With amyl alcohol having the least content of 
saturation-water, the rates are slowest. ; 

The addition of acetic acid to the above alcohols increases their’ saturation capacity 
for water. Keeping the ratio of alcohols and acid the same, the R; values of the amino- 
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acids vary according to the water-content of the three-component systems. If the amino- 
acids are arranged in order of their increased Ry values (as shown in the tables) the 


relative order practically remains the same with minor breaks in the sequence, 
Apparently the relative order of the solubilitics of the amino-acids is not altered in the 


three-component systems, compared with that obtained with the same solvent in absence 
of acetic acid and containing a smaller amount of water. 


In case of n-butyl alcohol saturated with water, most of the amino-acids have very 
low R; values. With the addition of 2.5 c.c. of acetic acid to 25 c.c. of the alcohol 
and the corresponding increase of water-content to 7.5 c.c., the R; values show a fair 
increase. The rate of increase decreases no doubt, but the R; values gradually increase 
with the increase in water-content of the system. With higher water-contents, however, 
the R; values become close to each other. The two types of composition that are generally 
used in the separation of the amino-acids (4.1:1 and the upper layer of 4:1:5) give almost 
identical values, thereby the composition of the two can be taken as identical for chroma- 
tographic purposes. The R; values with these solvent mixtures are found to lie in most 
cases betwecn those obtained with the 25:2.5:7.5 and 25:5:12.5 mixtures; although the 
water-content of the systems concerned is less than the both. ‘This is due to the fact that 
the percentage of acid is much greater in those systems. 


Amy! alcohol saturated with water is quite unsatisfactory for chromatography due 
to its very low water-content. The addition of even 7.5 c.c. of acetic acid to 25 c.c. 
of the alcohol does not improve the results ntuch. With a still higher acid-content and 
a consequent increase in water-content, the desirable R: values are obtained. The rate 
of increase of the sequence of amino-acids in the order of their R: values are almost the 
same as in the case of butyl alcohol. 


In the case of benzyl alcohol, however, the order of the R; values shows some variation 
from what is observed with the other twoalcohols. The aromatic character of the 
alcohol might be partially responsible for these variations. However, the gradual 
increase of R;: values and the decrease in the difference between the individual vaiues 
with increase in water-content are, in general, aimost the same in all the three alcohols, 

It is interesting to observe, particularly with butyl and benzyl alcohols, that the 
R: values obtained by addition of the same but iow volume of acid to a definite volume of 
the alcohols, are close to each other than those at high acid-content. ‘The high acid- 
content ensures high content of water. It is probable that in presence of considerable 
amount of water the difference in the hydroxylic nature of the solvents widens up 


leading to a greater difference in R; values. 


Extension lo Two-dimensional Chromatography 


Comparison of these R;: values with those obtained with phenol-water (Burma and 
Banerjee, loc. cit.) indicate that any of these three alcohols containing suitable amount 
of acid and water may be used as a second solvent for two-dimensional chromatography, 
phenol-water being essentially the first solvent. Of the various compositions, however, 
4:1:1 in the case of butyl alcohol, 25:10:8.75 in the case of amyl alcohol and 25:5:6.5 in 

4—1777P—10 
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the case of benzyl alcohol are found to be the best compositions for the purpose. Benzyl 

alcohol-acetic acid-water has* been extensively used by the author as the second solvent 
in two-dimensional chromatography of the free amino-acids present in leaves, roots and 
nodules of various plants. 


The author’s sincerest thanks are due to Dr. J. K. Chowdhury, Head of the 
Department of Chemistry and Dr. B. Banerjee, Senior Research Fellow, Bose Institute, 
Calcutta for their kind encouragement and valuable suggestions. Author's thanks are 
also due to Dr. S. K. Mukherjee, Lecturer, University College of Science and Techno- 
logy, Calcutta, for his active criticism. 


Bost ReSkARCH INSTITUTE, 
CALCUTTA. Received May 10, 1951. 
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ON ORGANO-ANTIMONIAL COMPOUNDS. PART ! 





By B. ParHak 


Some piperazine derivatives of stibinic acid have been synthesised for testing their filaricidal 
activity 


Various antimony compounds have so far been tried for their antifilaritic properties, 
but no compound has proved to be the ideal one. They generally have the power of 
killing adult worins. According to Culbertson and his co-workers (Amer. J. Trop. Med., 
1945, 25, 271, 403; Amer. J. Hygiene, 1946, 48, 145) neostibosan is the most suitable 
among the known antimony compounds. 

The most active drug, hetrazan (Hewitt ef al., J. Lab. & Clin. Med., 1947, 82, 
1304, 1314) which is a piperazine derivative, kills the microfilaria very quickly, but 
it is not very active against adult worms. It was therefore considered desirable to 
prepare piperazine-antimony compounds to study their antifilaritic properties. 

Chloroacetylaminophenylstibinic acid fails to yield the desired antimony compound 
on condensing with piperazine or N-mvuno-substituted piperazines. Such compounds 
have, however, been prepared from the appropriate amine by the Bart-Schmidt reaction as 
was applied by Morgan and Cook (J. Chem. Soc., 1930, 737) for the preparation of 
quinoline-stibinic acids. 

p-Nitro-w-chloroacetanilide has been reacted with piperazine and mono-substituted 
piperazine to yield the compounds (I, IJ; X = NO,). 


CH.—CH, 
X—C,H,NHCOCH,- n€ N—CH,CONHC,H.—X 
CH.—CH: 
(I) 
CH,—CH, 


R—NC N—CH,CONHC,H.—-X 


CH,—CH, 
(II 


These nitro compounds have been successfully reduced by zinc dust and acetic acid 
in good yields. ‘The amines by the Bart-Schmidt reaction give corresponding stibinic 
acids which are quite stable. They form sodium and diethylamino salts. 


ExPERIMENTAL 


Piperazine-1: 4-di-p-nitroacetanilide (I, X = NO,).—Piperazine (4 g., hexahydrate), 
p-nitro-w-chloroacetanilide (8 g.), sodium acetate (20g.} and water (roo c.c.) were 
refluxed for 4 hours. The solid obtained was filtered, washed with water and 
crystallised from dilute acetic acid as light yellow crystals (6g.). It melts at 302°. 
(Found : N, 19.20. CzoH2,0,N. requires N, 19.0 per cent). 

Piperazine-1:4-di-p-aminoacetanilide ‘I, X = NH,).—The above nitro compound 
(4 g.) was dissolved in glacial acetic acid (25 ¢.c.) and diluted with water (25 c.c.). 
Zine dust (6 g.) was gradually added and the reaction completed by heating, The 
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amine was then liberated by the addition of excess of ice-cold strong caustic soda 
solution. It can be crystallised from pyridine toa light grey coloured substance; which 
melts at 255°, and is readily soluble in dilute acids, -yield 2.5 &: (Found : N, 22.1. 
C..H.,0.N. requires N, 21.98 per cent). 

Piperazine-1:4-diacetanilide-p-stibinic Acid (I, X = SbO,;H,).—The above amine 
(10 g.), dissolved in water (30c.c.) and concentrated hydrochloric acid (15 ¢.c.), was 
diazotised in cold by the addition of sodium nitrite (4 g.}. The diazo solution was 
slowly added with stirring and simultaneous addition of 6N caustic soda solution to an 
ice-cold solution composed of antimony trichloride (15 g.), 5N hydrochloric acid (25 c.c.,, 
glycerol (25 ¢.c.) and sufficient 6N sodium hydroxide to make a clear solution on 
diluting to one litre. The resulting mixture should be kept alkaline all the time. It 
was left overnight at room temperature, filtered aud the clear solution was acidified 
with acetic acid. The precipitated antimony compound was purified through stibinic 
chloride which was subsequently decomposed by cold dilute caustic soda solution, and 
pure antimony compound was reprecipitated by dilute acetic acid. It is a light brown 
solid, insoluble in dilute acids. (Found: Sb. 35.7. CoH.OsN,Sb. requires Sb, 
34-84 per cent). 

Piperazine-1-carbethoxy-4-p-nitroacetanilide (il; R=CO,Et, X= NO,}.—Mono- 
carbethoxypiperazine (7.5 g.), p-nitro-w-chloroacetanilide ‘9 g.j, sodium acetate (25 g.) 
in water (150 c.c.) were refluxed for 3 hours. The pasty mass which formed solidi- 
fied on cooling. It was crystallised from dilute alcohol as a yellow crystalline com- 


pound, m.p. 134-35°, yield 9 g. (Found N, 17.1. C,;H.0O;N, requires N, 16.6 per cent). 


Piperazine-t-carbethoxy-4-p-aminoacelanilide (II; R = CO,Et, X = NH,).—The 
above nitro compound was reduced by zinc dust and acetic acid. The base being a 
pasty mass was extracted with benzene after addition of sufficient cold caustic soda 
solution to dissolve the zinc hydrate that first formed. After drying the benzene with 
anhydrous sodium sulphate, the hydrochloride was precipitated by passing dry hydrogen 
chloride. The hydrochloride was filtered and washed with alcohol. It is a dihydro- 
chloride which can be crystallised from alcohol as coloriess needles which melt with 
forthing at 276°. (Found: N, 15.0; Cl, 19.0. C,;H,O;N,Cl, requires N, 14.77; Cl, 
18.47 per cent). 

Piperazine-1-carbethoxy-4-acetanilide-p-stibinic Acid (II ; R=CO,Et, X=Sb0,H.,). 
—The above amine was diazotised and subjected to the Bart-Schmidt reaction as has been 
described before. it isa brown solid and dissolves readily in excess of dilute acids. 
(Found : Sb, 27.2. C,;H22V0,N3Sb requires Sb, 26.4 per cent). 

1:4-Di-(phenyl-p-stibinic acid)-piperazine.—1:4-p-Diaminodiphenylpiperazine (Mor- 
ley, Ber., 1880, 12, 1793) was diazotised and subjected to the Bart-Schmidt reaction as 
before. The antimony compound is insoluble in dilute acids) ‘Found: Sb, 43- 
C,¢H2.O.N2Sbz requires Sb, 42.06 per cent). 

The author is indebted to Prof. M. N. Goswami for his kind interest in this 
investigation. 

DEPARTMENT OF APPLIED CHEMISTRY, 


University COLLEGE OF Science & TrcHNoLocy, Received March 30, 1951. 
CaLCurTTA. 
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ON THE PREPARATION OF o- AND p-NITRO PROPIOPHENONES 
By AMITABHA RAY CHAUDHURI AND T. N. GHosH 


Starting from phenylethyl] carbinol, o- and p-nitropropiophenones have been prepared. 


In connec‘ion with synthesis of certain derivatives of nitrophenylpropane, the 
characteristic chain, as present in chloromycetin, o- and p-nitropropiophenones became 
necessary and were prepared by a process that is described in the body of the paper. 

Commanducci and Pescitelli (Gazzetta, 1906, 36, 787) claimed to have obtained 
e-, m- and p-nitropropiophenones by the action of fuming nitric acid on propiophenone 
under different conditions. But the characteristics of o- und p-isomers, as recorded by 
these authors, could not be confirmed by subsequent workers (Wohnlich, Arch. Pharm., 
1913, 261, 529; Auwers and Duesberg, Ber., 1920, 53, 1179; Hartung et al., J. Amer. 
Chem. Soc., 1931, 58, 4149). The nitration of propiophenone, however, has been 
found to yield a mixture of m- and o-nitropropiophenones. The most favourable 
conditions for nitration, in order to get these two isomers, have been described by Zenitz 
and Hartung (J. Org. Chem., 1946, 11, 444). Hartung and Foster (J. Amer. Pharm. 
Assoc., Sci. Ed., 1946, 35, 15) have subsequently prepared p-nitropropiophenone in 
about 25% yield f.om p-aminopropiophenone via the diazonium borofluoride, the replace- 
ment of the diazonium group by the nitro group having been effected according to the me- 
thed of Starkey (J. Amer. Chem. Soc., 1937, 59, 1479). As this method of Hartung and 
Foster appeared rather tedious, an alternative method of preparation of p-nitropropio- 
phenone has now been sought. Ford-Moore and Rydon (J. Chem. Soc., 1946, 679) 
have obtaited o- and p-nitroacetophenones in alinost equal amounts by nitrating phenyl- 
methyl carbinol in presence of acetic anhydride, hydrolysing the mixed nitro-acetates 
and separating the o- and p-nitrophenylmethyl caibinols. The latter compounds have 
been then oxidised with chromic acid to the corresponding nitroacetophenones. 

Following the above method of Ford-Moore and Rydon, the nitration of phenylethy] 
carbinol in acetic anhydride has now been studied and has been found to yield, through 
the stages of hydrolysis, separation of the isomers by fractional distillation and subsequent 
oxidation with chromic acid, o- and p-nitropropiophenones in overall yields of 26% and 
16.7% respectively. These ketones have been characterised by the formation of oxime 
and semicarbazone, and oxidation to the corresponding nitrobenzoic acids with 


alkaline permanganate. 
EXPERIMENTS! 


(All the nitrogen analyses recorded below have been carried out according to Kjeldahl! 


method, the Dumas method having been not found feasible due to sudden decomposition 


of the compounds concerned). 
Nitration of Phenylethyi Carbinol.—Phenylethyl carbinol (136 g.) was added dropwise 
toa cooled mixture of acetic anhydride (200 c.c.) and concentrated sulphuric acid (1 ¢.c.). 
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Alter being kept at room temperature (30°) for about 45 minutes, the acetic anhydride 
solution of phenylethylcarbinyl acetate was stirred, while fuming nitric acid (48 c.c., d 
1.5) was added dropwise over 2 hours, the temperature being maintained at 15°-18°. 
After being stirred for a further period of 2 hours at 15°-18°, the reaction mixture was 
poured into ice-water. Next day the heavy oil (mixture of nitrophenylpropyl acetates) 
was separated, thoroughly washed with aqueous sodium bicarbonate solution and was 
subsequently hydrolysed by refluxing for 6 hours with alcohol (500 c.c., 95%) and 
concentrated hydrochloric acid {100 c.c.). The residue, obtained by evaporation on a 
water-bath under reduced pressure, was then fractionated, using an efficient fractionating 
column. ‘Three fractions were collected: the first (62 g.), b.p. 140°-145°/0.1 mm.; the 
middle (20 g.), b.p. 145°-155°; 0.1 mm.; and the end one (46 g.), b.p. 155°-165°/0-1 mm, 


When redistilled, the first fraction had b.p. 142°-144°/0.1 mm. (Found: N, 7.47. 
C,H,,0;N requires N, 7.73 percent) and the end one had b.p. 161°-162°/o.1 mm. 
‘Found: N, 7.38. C,H,,0;N requires N, 7.73 per cent). ‘These two fractions have been 
found by oxidation (vide infra) to be o- and p-nitrophenylethy] carbinols respectively. 
The middle fraction has been found to be a mixture of these two isomers. 

The first fraction has furnished, with acetic anhydride and a trace of concentrated 
sulphuric acid, «-\o-nitropheny]) propyl acetate as a pale yellow liquid, b.p. 158°-160°/6-7 
mm (Found: N, 5.92. C,,H,,O.N requires N, 6.28 per cent). 

The end fraction has likewise furnished «-(p-nitropheny!) propyl] acetate crystallising 
from aqueous alcohol in colorless, rectangular plates, m.p. 58°. (Found: N, 5.89. 
C,,H,;0,N requires N, 6.28 per cent). 

Oxidation of the above First and End Fractions: (a) Preparation of o-Nitropropio- 
phenone.—The first fraction (60 g.) was added dropwise under stirring to a mixture of 
sodium dichromate (98 g.), water (250 c.c.) and concentrated sulphuric acid (50 c.c.) 
and the resulting mixture, maintained at 55°-60°, was stirred for three and half hours, 
and then poured into ice-water. The product was extracted with ether and the ethereal 
layer was washed with 10% aqueous sodium carbonate solution and dried. After 
removal of the ether, the residue was distilled and o-nitropropiophenone (average yield 
46-5 g.) was collected at 155°-158°/6-7 mm. (Zenitz and Hartuny, loc. cit., record b.p. 
152°-155°/2-3 mm.). (Found: N, 7.61. C,H,O,N requires N, 7.82 per cent). Oxidation 
with alkaline permanganate has yielded o-nitrobenzoic acid ‘mixed m.p. 146-47°). 

The semicarbazone was crystallised from aqueous alcohol in cream-coloured rectane 
gular plates, m.p. 180-81° (Auwers and Duesberg, loc. cit., record m.p. 182-83°; 
Zenitz and Hartung, loc. cit., record m.p. 183-84°). (Found: N, 23.94. C,0H,,0,N, 
requires N, 23.73 per cent). 

(b) Preparation of p-Nitropropiophenones.—The end fraction (44 g.) was oxidised 
with chromic acid in the same manner as described above. ‘The solid residue (average 
yield 30g.), left after removing the solvent, was crystallised from aqueous alcohol in 
pale yellow rectangular plates, m.p. 88-89° (Hartung and Foster, loc. cit., record m p, 
go-91°). (Found: N, 7.86. C,H,U;N requires N, 7.82 per cent). Oxidation with 
alkaline permanganate has yielded p-nitrobenzoic acid ‘mixed m.p. 239-40°). 
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The semicarbazone was crystallised from aqueous alcohol in cream coloured rectan- 
gular plates, m.p. 198-200° (Found: N, 24.11. C,y»H,.,0;N, requires N, 23.73 per cent). 
The oxime was prepared in pyridine and was twice crystallised from aqueous alcohol in 
fine needles, m.p. 147-48° (Hartung and Foster, loc. cit., record m.p. 124° decomp.). 
(Found: N, 14.12. Cy,H,.O,N, requires N, 14.43 per cent). 


The authors thank Dr. U. P. Basu for his interest in this investigation. 


BENGAL IMMUNITY RESEARCH INSTITUTE, 
CaLcuTta-16. 


Received June 19, 1951. 
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SEARCH FOR NEW ANTISPASMODICS. PART III 


By AMITABHA RAy CHAUDHURI AND T. N. GHosH 


Synthesis of a-acetamids-8-Jiethylamino-propiophenone and of the corresponding §8-piperidino 
ana!nogue is described. 

Recent survey of antispasmodics shows that the effective ones are generally salts 
of strong tertiary bases and even the heterocyclic compounds like isoquinoline, when 
particularly substituted at the 3-position with a meihyl group (cf. Kreitmair, Arch. 
Exp. Path. Pharm., 1932, 164, 509; B. P., 488,423 ; Sugaswa and Sugimito, J. Pharm. 
Soc. Japan, 1941, 61, 62; Polgar and Zelenka, Magyar Nogyoyaszok Lapja, 1948, 
7, 1), are being found to exhibit pronounced antispasmodic activity. These observa- 
tions have now stimulated the synthesis of compounds of the type (1), which may 
be regarded as cleavage products of 1:3-dimethylisoquinoline derivatives in which 
the hydrogen of the 3-methyl group has been substituted by a tertiary basic group. 
In this connection it should be mentioned that some secondary and tertiary amines, 
which bear relationship to the structure obtained by the hypothetical cleavage of the 
isoquinoline ring in completely hydrogenated papaverine, have proved to be potent 
antispasmodics ‘Blicke and Monroe, J. Amer. Chem. Soc., 1939, 61, 91). 

As the methylene group in w-acetylaminoacetophenone is reactive, the iatter has 
now been subjected to the Mannich reaction to yicld, when condensed with formaldehyde 
and a secondary amine, the propiophenone derivative (I, R=diethylamino or piperidino). 
‘he base (1) generally separates as a pasty solid, but readily yields crystaliine hydro- 
chloride. The corresponding picrate and methiodide have also been prepared. 

CO 
(\/ScH-CHR 
a NH 
cia / 
CO 
CH, 

(1) 

Bruson and MacMuilen (J. Amer. Chem. Soc., 1941, 68, 270) have shown that 
the bases, obtained by the Mannich reaction with phenols, split off, when treated with 
acetic anhydride, the tertiary amino groups, the latter being replaced by acetoxy groups. 
In a similar manner, 2-dimethylaminomethyl-3-pyridol has yielded, on treatment with 
acetic anhydride, 2 acetoxymethyl-3-acetoxypyridine, with the elimination of the 
dimnethylamino group (Stempel and Buzzi, ibid., 19049, 171, 2969). However, the base, 
obtained by the Mannich reaction of 2-methyl-3-pyridol with diethylamine, has been 
found to be quite stable towards acetic anhydride, so far as the splitting off of the tertiary 
amino group is concerned (Stempel and Buzzi, loc. cit.). When the compound (I, 
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R=diethylamino) is heated at 135°-140° for 3-hours with excess of acetic anhydride, 
besides a small quantity of a non-basic compound, the major portion of the compound 
has been recovered unchanged. The non-basic compound, however, was of pasty 
nature and could not be purified and characterised. " 

The preliminary observations (A. N. Bose, private communication), as made on 
the isolated guineapig ileal and jejunal pieces of sma!l intestine by measuring the 
relaxation which the drug in question produced against the normal tone of the in- 
testinal musculature, tend to show that the hydrochlorides of both the compounds 
(I, R=diethylamino and piperidino) possess antispasmodic activity. Full details of 
the spasmolytic activity will be published elsewhere in due course 


ExPERIMENTAL 


a-Acetamido-B-diethylamino-propiophenone (I, R=diethylamino).—A_ solution of 
w-acetylamino-acetophenone (17.7g., 0.1 mole), paraformaldehyde (3g., 0.1 mole) 
and diethylamine (9 1 g., 0.125 mole) in absolute alcohol (125 cc.) was heated under 
reflux on the water-bath for 1 hour, when a further quantity of paraformaldehyde (3 g.) 
was added. The solution was further heated for 3 hours and the alcohol was then distilled 
under reduced pressure. The residue was treated with ice-cuoled hydrochloric acid 
(2.5%). and filtered. The clear filtrate, on basification with ammonium hydroxide 
under cooling, yielded a pasty solid {15.5 g.) which is very soluble in alcohol, acetone 
and ethyl acetate, and sparingly soluble in ether. The pasty mass, however, could 
not be induced to crystallise under customary conditions. 

The hydrochloride was obtained as a brownish crystalline powder by adding 
dry benzene, saturated with dry hydrochloric acid gas, into a dry benzene solution of 
the above substance, till just acid to Congo red. It was recrystallised from absolute 
alcohol-benzene mixture as a crystalline powder, meiting at 160-61° with frothing 
and decomposition. (Found: N, 9.12. C,;H..O,N,, HCl req’Sres N, 9.38 per cent). 

The picrate was obtained as yellow needles, melting at 140-41° to a dark, viscous 
liquid. (Found: N, 14.47. C;:H..0.N,, CsH;0;N, iequires N, 14.25 per cent). 

The methiodide was obtained by heating under reflux for ten minutes a solution of 
the compound in dry benzene with excess of methyl iodide. The precipitated solid 
was crystallised from absolute alcohol-ether mixture in browinish rectangular plates, 
which swelled up on heating above 100° with gradual evolution of gas and melted at 204° 
to a red, viscous liquid. (Found: 1, 30.88. C,,H,,O0,N.I requires I, 31.41 per ceny). 

2-Acetamido-B-piperidino-propiophenone (I, R= piperidino).—The method of 
preparation was the the same as in the case of the previous compound (1, R = diethyl- 
amino). Using a mixture of w acetylamino-acetophenone (17.7 g.), paraformaldehyde 
(6g., in two instalments) and piperidine (10-6 g.) in absolute alcohol (125 c.c.), the 
yield of the product was 16.2 g. 

The above condensation was also effected by using equivalent quantity of piperi- 
dine hydrochloride instead of the free base. The residue, left after removal of alcohol 
under reduced pressure, was treated with cold water and filtered. The clear aqueous 
solution, on basification with ammonium hydroxide, furnished the product in an almost 
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the same yield. In both cases a pasty solid was obtained, which is very soluble in 
most of the organic solvents and sparingly soluble in ether, It could not be induced 
to crystallise. 

The hydrochloride was similarly prepared as in the previous case and was recrys- 
tullised from absolute alcohol-benzene mixtur:: as a brownish crystalline powder, melting 
at 170-71° with frothing and decomposition. (Found: N, 8.68. C,.H..0,N2, HC! 
requires N, 9.01 per cent). 

The picrate was obtained as yellow needles, melting at 143° toadark viscous 
iquid. ‘Found: N, 13.85. CisH2.0,N2, C.H;O,N; requires N, 13.92 per cent). 

The authors thank Dr. U.P. Basu for his interest in this investigation. 
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STUDIES ON CERAMIC RAW MATERIALS. PART II. REDUCTION 
OF FERRIC IRON BY FELDSPARS 


By H. N. Das Gupta anv S. K. CHATTERJEE 


Ferric compounds, whether inherent or artificially impregnated, suffer reduction in feldspar melts. 
The mechanism of such reduction has been explained and supported by experimental evidences. ‘The 
relative activities of sodium and potassium feldspars in this respect have been compared and the reduc- 
tion has beerffund to take place to a greater extent in orthoclase than in albite. Probable explanations 
for this have been offered. The colour of the fused mass varies depending on the ratio of ferric to ferrous 
iron and on the nature of the iron compounds produced. Regarding the chemical nature of the fused 
mass, it has been suggested that the iron perhaps enters the structure and yields a solid solution of iron 
analogue of anorthite in iron orthoclase. ‘This fused mass, however, has been found to be very suitable 
for brown glaze for stoneware or for porcelain bodies. 


The influence of accompanying minerals on the iron colours of fired clays had been 
investigated by many workers. These studies were confined to jime (Seger, “‘ Collected 
Writings’, I, p. 115), alumina (Kinnison, Trans. Amer. Ceram. Soc., 1914, 16, 136; 
Orton, ibid., 1903, 5, 389 ; Seger, joc. cit., p, 109), carbon (Orton, loc. cit., pp. 389, 390) 
and fluxes (Seger, loc. cit.,.p, 107; Bancroft, “‘Applied Colloid Chemistry’’, 1926, p. 241). 
Of these the effect of fluxes deserves special attention. It is, however, a matter of 
common experience that a sample of clay may produce red, brown, buff, or nearly white 
colour on being fired, but there is invariably a deepening of the colour when vitrification 
progresses. This effect is‘more pronounced if the proportion of fluxes in clay is appreci- 
able and the temperature is sufficiently high. Wilson ( “Ceramics, Clay Technology”’, 
1927, p. 161) holds the view that at low temperatures the amount of fused materials is 
small and the bright colours are produced by the suspension of the unfused Fe,O, particles. 
Fusion progresses as the temperature is increased. The fused mass then exerts its solvent 
action on the oxides and produces thereby different shades of colours, depending on the 
extent of actual solution and on the amount of fluxes present. The explanation offered 
by Seger (loc. cit.) is also analogous. He attributes the light colours of easy-fired wares 
to the porous condition of the body and the consequent dilution of the red colour with 
air. Vitrification reduces the porosity and enclosed air and the red particles are brought 
closer together whereby the colour is deepened. The above explanation appears to be 


not above criticism. 
Firstly, it is easy to conceive the deepening of colour due to accumulation of red 


particles at the vitrification temperatures, but it is rather inconceivable that the red 
colour of iron should change to yellow-brown, or dark and chocolate reds and finally 
into black, due primarily, to a physical phenomenon like dissolution. Secondly, these 
studies were confined to the combined influences of fluxes and, as such, it was very 
difficult to follow precisely the chemical changes, if eny, during the vitrification stage, 
The feldspars, grouped as flux, may occur in clays as impurities, but they are 
purposely used in whiteware bodies and glazes. Amongst the chief types of feldspars, 
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the potash variety is known to exhibit a longer and safer temperature range. ‘This has 
therefore found wide application for body-work requiring a high degree of vitrification. 
For glaze work, the albite and even the plagioc!ase are widely used, as they give good 
results. The anorthite, however, has got very restricted application. The fired colour 
of a ferruginous clay also deepens appreciably if it be mixed with feldspars. In Part 1 
of the present series (this Journal, 1951, 28, 425) it has been pointed out that the adventi- 
tious minerals in clay, more particularly the feldspars, play an important réle in the 
reduction of ferric iron. ‘This reduction causes a definite change in the shade of the fired 
colour. The present communicatiou deals with the experiments made with a view to 
explaining the mechanism of ferric iron reduction in fused feldspars. This would even- 
tually furnish some informations that are wanting in the observatiuns of tf previous 
workers. For reasons mentioned above, the study was confined mainly to soda and 
potash feldspars. 


It will be of interest to preface a short note concerning the structuie of feldspars 
and their most striking properties. According to Machatschki (Cibl. Min., 1928, A, 97), 
the structure of feldspars is based on frameworks of linked SiO, and AlO, tetrahedra, 
with the cations K, Na, Ca or Ba situated in the interstices of the negatively charged 
framework the of tetrahedra, and it has been confirmed by X-ray analyses by Taylor and 
his co-workers (Z. Krist., 1933, 85, 423; 1934 87, 464). It is further revealed from 
X-ray analyses that in orthoclase, the potassium atoms lie on the reflection planes, fitting 
into cavities and that each potassium atom has ten oxygen atoms around it at approxima- 
tely equal distances. In albite, however, the sodium atom is surrounded by a group of 
six or atthe most seven oxygen atoms at different distances. This shows that the 
alkalies in feldspars do not form real “‘bridges’’ between the tetrahedra. Secondly, the 
valency of each cation is satisfied as a result of partial contribution from the. neigh- 
bouring oxygen atoms (Pauling’s Principle, J. Amer. Chem. Soc., 1929, $1, toro). If 
these deductions be correct, the logical conclusion is that the cations of feldspars can be 
rapidly detached from their combination under favourable conditions. In fact, the 
feldspars are all highly alterable minerals and their alteration products are both numerous 
and important. ‘They are attacked by water alone, more so, by water containing carbon 
dioxide, and still more vigorously by acid waters, such as issue from voleanic vents or 
are formed by the oxidation of sulphides. Alkaline solutions also exert a powerful 
decomposing action upon this group of silicates. Among the numerous experiments, 
relative to this class of reactions, those of Daubrée (‘‘Etudes synthetiques de géologie 
experimentale’’, 1879, pp. 268-275) are perhaps the most classic. Fragments of 
orthoclase were agitated with water alone by revolution ina cylinder of iron during 192 
hours. From 5 kg. of the feldspar, 12.6 g. of K.0 were found in the filtered‘ solution. 
Water charged with CO, and 2 kg. of orthoclase, after 10 days of agitation, yielded ° 
0.27 g. of K,0 and 0.75 g. of free silica. Again, according to Seger, if a mixture 
of clay and feldspar be exposed to porcelain heat, the alkalies are separated which 
then‘act on ‘the clay producing no vitreous mass. If, however, quartz be added to the 
mixture, the separated alkalies react with it and yield a vitreous and glossy mass, which 
is characteristic of porcelain (Bose, ‘‘Mode:n Pottéry Manufacture’, 1947, p. 81). All 
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these facts lend strong support in favour of the couclusion regarding the cations in 
feldspars, 

Moore (J. Soc. Glass Tech., 1949, 33, No. 154, p 267) has explained the conditions 
which determine the state of oxidation of metallic oxides introduced as coloring agents 
intoglass. He has adduced conciusive proof to establish that in a mass of molten soda or 
potash-lime glass, reduction is to be expected. This is because of the high temperatures 
employed in melting, and also because the ions of the alkali metals assist in the dissocia- 
tion’ of oxides that attain instability. If the arguments concerning the stability of the 
alkali metals in feldspars be accepted as valid, the reduction mechanism of ferric iron, 
either inherent or incorporated, ina mass of molten feldspar can be explained. in an 
ahalogous way. 

Thus, high temperatures favour simultaneously the dissociation of ferric iron, 
separation of alkali metals as ions and increased fluidity of the molten feldspar. This 
latter assists in promoting a rapid rate of diffusion of the alkali ions and thereby facili- 
tates. contact between the ions and the oxides that have already attained instability. 
Under such conditions the ferric iron acts as oxygen-donor and the ious, after accepting 
these oxygens, are converted into R,O. Depending on the progress of reduction, the 
reduced iron may have a composition like Fe,O," or FeO*. After losing its ionic charge, 
the reduced oxide appears to enter the structure yielding a new product. There are, 
however, some evidences for considering that iron does, perhaps, enter into the structure. 
Thus, the watery extract of the giassy melt contains measurable quantity of the alkalies. 
Secondly, the added iron cannot be easily brought into solution even by heating with 
concentrated acids. 

Arguments in favour of the reduction mechanism admit of the following additional 
deductions: 

1. The percentage of ferric iron remaining constant, the extent of reduction should 
depend on the concentration of Na,O or K,O of the respective feldspars. 

2. The reaction takes place in a mass of fused or semi-fused silicates and as such, 
the process of re-oxidation, under oxidising furnace cordition, is confined only to the 
surface. The percentage of Fe,O, will therefore depend on its rate of diffusion at the 
surface and on the total surface area exposed. 

3. The iron in the solidified melt from any feldspar and a ferrous compound should 
remain in the fully ferrous condition provided that the atmosphere is either reducing 
or a neutral one. 


4. ‘The fired colour of the fused product must be different, depending on the ratio 
of ferrous to ferric iron, 


5. Moore (loc.cit.) has pointed out that the mechanical obstruction to be experienced 
by. a potassium ion during its migration through a glassy melt must be greater than that 
of a sodium ion. 


‘This is because the former is heavier than the latter and, in addition, it has a larger 
ionic. diameter. As the extent of reduction depends on the contact between the ions and 
the oxides, the yield of ferrous iron should be more in albite than in orthoclase melt. It 
may be pointed out that.excepting the item (5), the experimental results are in complete 








572 H. N. DAS GUPTA AND S. K. CHATTERJEE 


agreement with tne deductions. The yield of ferrous iron in orthoclase is greater than 
that in albite. An attempt has been made to explain this anomalous feature and this 
will appear in the experimental portion. 

The entire plan of study embraces investigation in greater detail into the extent of 
reduction of ferric compounds in orthoclase and in albite melts under different atmos- 
pheric conditions. Iron compounds, used in the present study, comprise ferric silicate, 
ferric and ferrous oxalates, ferric nitrate and magnetic oxide of iron. A measure of both 
ferric and ferrous forms of iron in the solidified fused mass was obtained by the adoption 
of the method outlined by Mellor (“‘A Treatise on Quantitative Inorganic Analysis’’, 
1938, p. 513). The colour of each product was noted by a visual examination. Albite 
and orthoclase, used for different experiments, were collected from Rupnarainpur and 
Jagadishpur respectively. 


EXPERIMENTAL 


Both orthoclase and albite were separately ground to pass 250 mesh sieve. Diffe- 
rent batches were made up from orthoclase or albite and iron compounds. The pro- 
portion of the latter was increased up toa maximum of 5%. Each batch was intima- 
tely mixed in a pot mill during 24 hours. A separate sillimanite pot, having a high 
resistance to corrosion by the fused mass, was used for each experiment. The heating 
was done mostly in a muffle furnace with a door provided with two openings, 
which helped in maintaining either a fully oxidising or a fully reducing atmosphere 
inside the furnace. Excepting afew cases, all other experiments were conducted at 
1310°. The rate of firing was controlled and the maximum temperature was reached 
during 18 hours. The muffle was cooled to the room temperature during 12 hours. 
For a comparative study, the furnace conditions were reproduced as accurately as 
possible for all experiments. The temperature of the muffle was recorded by a platinum- 
rhodium thermocouple. After each experiment, the solidified melt was removed by 
breaking the container and its colour estimated visually. This was next analysed for 
the percentages of both ferric and ferrous iron. Table I gives the analyses of the 


feldspars used. 


TABLE I 
Substance. SiO,. A1,03. Fe,0;.* FeO. CaO. MgO. Na,0O, K,0. Loss. 
Orthoclase * 64.01% 19-54% 0.71% 0.13% 0.43% 0.06% 2.52% 12.40% 0.30% 
Albite 68.45 17.80 0.57 0.11 0.50 0.18 11.24 0.62 0.57 


* Total iron as Fe,O3. 


The total percentage of the alkalies is greater in orthoclase than in albite. This is 
also the case with iron, which is one of the inclusions in feldspars (Table I). It is 
rather difficult to explain how iron could exist mostly as the ferric iron in feldspars. 
However, this ferric iron too suffers reduction if the feldspars be fused or simply exposed 
to a temperature of incipient fusion. This will be apparent from Table 1I, which shows 
the extent of reduction of intrinsic ferric iron when feldspars are subjected separately 
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toa temperature of 1310°. Actual analysis shows that in each case iron is practically 
reduced to the ferrous state, although the entire operation is conducted in air. 


TaBie II 


Feldspars alone. Atmosphere-air. 


Substance. Colour of the solidified % Iron in the solidified melt as 
glassy melt. 
FeO. Fe 03. 
Albite Pale bluish green 0.62 Slight trace 
Orthoclase Do 0.77 Do 


It is generally agreed that oxides of iron are responsible for different tints of feld- 
spars. A feldspar changes its hue due simply to calcination process. No satisfactory 
explanation has yet been offered for this change. From the results in ‘able II it 
appears that we have a partial explanation for such a change. 


It can be claimed that the results of initial experiments partially corroborate the 
expectation. With a view to adducing further evidences, powdered feldspars wete 
artificially impregnated with increasing proportions of ferric or ferrous compounds 
and the progress of reduction in each case was studied in the usual way. Experiments 
were conducted in atmospheres like air and carbon monoxide and each sample was 
slowly cooled in the muffle. Tables III to VII record such results. 


TasBLe ITl 


Albite and orthoclase containing increasing amounts of ferric silicate, 


Batch, Atmosphere. Colour of the solidified melt. % Iron as 

FeO. Fe,03. 

Albite + 1% ferric Air Pale green 0.68 0.41 

silicate co Deep green 0.91 0.06 

Do + 2% ws Air Deep green 1.21 0.402 
co Deep bluish green 1.69 = 0.030 

Do + 4% ws Air Deep blackish green 2.48 0.31 
co Deep bluish green 3.01 © 004 

Do + 5% » Air Deep bluish green 3.07 0.38 
co Almost black *4.20 Trace 

Orthoclase+ 1% ,, Air Brilliant pale yellowish green 0.97 0.32 
co Bluish green 1.28 0.003 

Do + 2% »» Air Yellowish green 1.501 0.28 
co Deep bluish green 1.84 Trace 

Do + 4%» Air Deep greenish blue 2.71 0.201 
co Deep bluish green 4.18 Trace 

Do + 5%, Air Dark greenish blue 3.8 0.26 


co Almost black 4-32 Trace 
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TABLE IV 


Albite and orthoclase containing increasing amounts of ferric nitrate. 


Batch. 


Albite + 1% ferric 


nitrate 


Do + 2% 


Do + 4% 


Do + 5% 


Orthoclase +1% 


” 


” 


Do +2% ;, 


Do +4% 5 


Do +5% 


” 


Atmosphere. 
Air 
co 
Air 
co 
Air 
co 
Air 
co 
Air 
co 
Air 
co 
Air 
co 
Air 
CO 


Colour of the solidified glassy melt. 


Faint vellowish green 
Deep yellowish green 


Greenish 
Bluish green 


Deep yellowish green 
Deep bluish green 


Deep bluish green 
Deep bluish black 


Faint yellowish green 
Bluish green 


Yellowish green 
Bluish green 


Deep bluish green 
Deep blackish blue 


Dark bluish green 
Dark blackish green 


TABLE V 


Albite and orthoclase containing increasing amounts of magnelic oxide. 


Batch. 


Atmosphere 


Albite + 1% magnetite Air 


Do + 2% 


Do + 4% 
Do + 5% 
Orthoclase+1% 

Do +2% 


Do +4% 


9” 


” 


” 


Do'' +5% » 


co 
Air 
co 
Air 
co 
Air 
co 
Air 
co 
Air 
co 
Air 
co 
Air 
co 


Colour of the solidified glassy melt 


Yellowish green 
Bluish green 


Deep yellowish green 
Deep bluish green 


Deep greenish blue 
Deep blackish blue 


Dark bluish green 
Dark blackish green 


Yellowish green 
Bluish green 


Deep yellowish green 
Brilliant green 


Deep bluish green 
Deep blackish bine 


Deep blue 
Deep blackish blue 


% Tron as 
FeO. Fe,O3. 
0.302 0.52 
0.66 0.206 
0.58 0.501 
0.88 0.170 
0.71 0.58 
1.01 0.403 
0.98 0.44 
1.43 0.06 
0 60 0.53 
0.94 0.20 
0.81 0.506 
1.20 0.180 
1.140 0.510 
1.449 103 
1.22 0.46 
1.58 Trace 
% Iron as 
FeO. Fe,O3. 
0.89 9.37 
* 1.19 0.06 
2.006 0.21 
2.130 0.09 
4.04 - 0.18 
4.20 0.04 
4.8 0.26 
5.01 0.10 
0.97 0.401 
1.27 0.08 
2.1 0.31 
2.3 Trace 
4.26 O.11 
4-32 Trace 
4. 0.38 
5.20 Trace 


The results in Tables II] and IV show many features of interest : 


Ferric iron suffers increased reduction in orthoclase than in albite. 


Secondly, ‘the 


influence of atmosphere, which is confined only to the surface, is also appreciable. 
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Thirdly, the products of decomposition of ferric nitrate tend to retard the reduction 
of ferric iron. ‘These last two facts appear to be of speciai interest for those connected 
with glass technology. Ordinarily, for preventing the development of iron colour iu 
glass, batches are so proportioned as to include some oxidising agent inthem. ‘The 


TasLe VI 


Albite and orthoclase containing increasing amounts of ferric oxalate. 


Ratch. Atmosphere. Colour of the solidified glassy melt % Iron as 

FeO. FeO, 

Albite + 1% ferric Air Pale greenish blue 0.61 0.02 
oxalate co Deeper bluish green 0.64 Trace 

Do + 2% ai Air Deep greenish blue 0.83 0.03 
CO Deep bluish black 0.86 Trace 

Do + 4% 55 Air Dark bluish green 1.27 0.04 
CO Dark blue 1.32 Trace 

Do + 5% a Air Dark bluish green 1.50 0.08 
CO Dark bluish black 1.5 Trace 

Orthoclase+1% ,, Air Pale greenish blue 0.61 0.08 
CO Light bluish green 0.689 Trace 

Do +2% ., Air Deep greenish blue 0.903 0.08 

co . Deep bluish black 0 980 Trace 

Do +4% 5, Air Daik greenish blue 1.36 0.06 

co Dark bluish green 1.41 Trace 
Do +5% » Air Dark bluish green 1.61 0.106 

co Dark bluish black 1.70 Trace 


TABLE VII 


Albite and orthoclase containing increasing amounts of ferrous oxalate. 


Batch. Atmosphere, Colour of the solidified glassy melt. % Tron as 
FeO. FegOse 
Albite + 1% ferrous Air Pale blackish green 1.008 Trace 
oxalate co Deeper blackish green 1.01 Trace 
Do + 2% ee Air Deep bluish green 1.66 Trace 
CO Deep bluish black 1.668 Nil 
Do + 4% ae Air Dark green 2.90 Trace 
CO Dark blackish green 2.90 Nil 
Do + 5% - Air Dark green 3-307 Trace 
CO Dark bluish black 3-32 Nil 
Orthoclase+1% ,, Air Pale bluish green 1.08 Trace 
CO Light blackish green 1.085 Nil 
Do +2% 5 Air Deep bluish green 1.70 Trace 
CoO Decp blackish green oe tH Nil 
Do +4%» Air Dark bluish green 2.93 Trace 
CO Dark blackish blue 2.04 Nil 
Do +5% » Air Dark bluish green 3-43 Trace 
co Dark blackish blue 3.449 Nil 
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furnace conditions too are so adjusted as to give the appropriate type of atmosphere. 
it appears from Table IV that the oxidising agents cannot be totally effective in main- 
taining iron in the ‘fully ferric’ condition in all-soda or all-potash glass, unless their 
proportions be appreciable under -oxidising furnace conditions. These observations, 
however, are not in accord with the conclusion made by Densem and Turner (J. Soc. 
Glass Tech., 1938, 22, 372) in respect of iron colour in highly alkaline glasses. 


Table VI shows that the tendency for reduction to occur is favoured also by the 
organic part of the iron compound. This therefore gives iucreased percentage of 
ferrous iron. Practically there is no change in the state of oxidation of iron in th 
batch containing ‘‘fully ferrous’ iron (Table VII), and this is in accord with our anticipa 
tion. 

In all the previous experiments different batches were subjected to heat treatments 
under identical conditions of temperature and duration so as to make a comparativ: 
study. In order to establish that the reduction of ferric iron in feldspars could take 
place gradually, batches were prepared from orthoclase or albite containing 1% and 2%, 
of pure ferric oxide. Each batch was ground and intimately mixed in a pot miil til! 
the entire quantity could be sieved through 200 mesh. A period of 18 hours was 
devoted for raising the temperature of each to 1310° and the duration of soaking 
was varied between 1 and 3 hours. The cooling was effected in course of 12 hours. 
Throughout the process, a current of dry air was maintained. A measure of botli 
ferrous and ferric iron in the fired mass was made and Table VIII includes such results. 


It will be seen that the percentage of FeO increases with increased duration. 


Taste VILI 


Effect of time on progress of reduction in feldspars. 


Added % Iron in raw mix. % FeO in the fired mass % FeO; in the fired mass 

Fe,0}. after after 
FeO. Fe,0; 1 hr. 2 hrs. 3 hrs. 1 hr. 2 hrs. 3 hrs 
Ortho- 1% 0.101 1.68 0.96 0.99 1.03 0 72 0.68 0.64 
clase 2 0.072 2.65 1.35 1.50 1.66 I.22 1.04 0.88 
Albite I 0.09 1.53 0.76 . 0.81 0.86 0.78 0.72 0.67 
2 0.06 50 1.17 1.30 1.44 1.25 1.11 0.95 


From the experimental results it is now obvious that potash and soda feldspars do 
influence the state of oxidation of iron, whether intrinsic or impregnated or both. 
In Part I of the present series (lo. cit.) it has been shown that the percentage of ferrous 
iron is much higher in a fired mixture of clay and iron if the Jatter suffers partial vitrifica- 
tion. Since both clay and feldspars constitute important ingredients of body or glaze 
mixtures for ceramic wares, it was considered useful to study the state of 
oxidation of iron in a fully vitrified porcelain body. ‘The body was prepared from 
Simultollah China clay (25%), Rajmahal China Clay (20%), potash feldspar (30%) 
and quartz (25%). The slip from this was freed from extraneous iron by a strong 


Jf 


electromagnet. A few cups were prepared by slip casting. On an average, the bone- 
dry bodies contained 0.15% FeO and 0.51% Fe,0,. Some of these were fired in 
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a muffle furnace in an atmosphere comprising air, nitrogen, carbon monoxide and 
carbon dioxide in equal proportions by volume. The rest, however, were fired in a 
12 feet diameter dowh-draught kiln along with other porcelain bodies. The temperature 
in each case was raised to 1310°, but the total durations were limited to 60 and go hours, 
respectively. The porosity of the vitrified mass was practically nil in each case. Table 
IX gives details relating to the fully vitrified bodies. 


TasLe IX 
Total Fe Vitrified in. Duration. Colour of the . % Iron in the vitrified Total Fe as 
as Fe,O; in vitrified body body as Fe,O; in the 
the bone- vitrified body. 
dry body. Fe Os. FeO. 
Muffle 60 hrs. Faint bluish green 0.167 0.38 0.593 % 
0.68%, Kiln go Do 0.138 0.49 0.587 


The ratio of ferrous/ferric iron appears from Table IX to be much higher in fully 
vitrified bodies. To test if this applies to bodies containing higher proportions of iron, 
further experiments were conducted with batches from the above porcelain composition 
and different proportions of ferric silicate (Fe,O,, 71.01%). Excepting temperature, 
ali other conditions were maintained the same. Three sets of experiments were conduc- 
ted with each batch at temperatures like 1200°, 1250° and 1310° and the results have 
been tabulated below (Tables X — XII). 


TABLE X 


Porcelain body plus ferric silicate. 
Temp. =1200°. 


Silicate. Total Fe as Fired in. Duration. Colourof % Iron in the fired Total iron as Fe,O, 
Fe,0; in the fired body as in the vitrified 
bone-dry body. body 

body. FeO. Fe,O3. 
1% 1.36% Muffie 60 hrs. Cream C.32 0.938 1.30% 
Kiln go Do 0.31 0.94 1.29 
2 2.006 Muffle 60 Yellowish 0.46 1.46 1.98 
brown 
Kiin go Do 0.42 1.47 1.96 
4 3.39 Muffle 60 Deep brown 0.58 2.4 3-34 
Kiln go Do 0.52 2.69 3.32 
5 4.003 Muffle 60 Chocolate 1.07 2.703 3-92 
Kiln go Deep brown ‘1.12 2.65 3.908 


_ Results iu ‘Tables X to XII preseut some interesting features. The percentage of 
ferric iron predominates in those samples that have not suffered vitrification. Its pro 
portion gradually diminishes with corresponding increase in the yield of ferrous iron as 
vitrification progresses. The yield of FeO is markedly high even if the stage of incipient 
vitrification is just reached. All these observations add additional support to our earlie1 
view that vitrification inhibits the chance of re-oxidation with corresponding change in 
the tone of the fired colour. 
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TABLE XI 


Porcelain body plus ferric silicate. 
Temp.=1250°. 


Colour of the % Iron in the fired body Total iron 


Silicate. Total iron Fired in. Duration. ? 
as Fe,O; in fired body. as as Fe,Os ir. 
bone-dry vitrified body. 
body. FeO. Fe,O; 
1% 1.36% Muffle 60 hrs. Cream 0.56 0.664 1.29% 
Kiln go Do 0-53 0.69 1 28 
2 2.006 Muffle 60 Yellowish brown, 1.24 0.581 1.96 
incipient vitri- 
fication 
Kiln go Do 1.30 0.511 1.94 
4 3-39 Mnuffle 60 Deep brown, 2.516 0.482 3-29 
sinters 
Kiln go Do 2.54 0.462 3.301 
5 4.003 Muffle 60 Blackish brcwn, 3.101 0.492 3-94 
sinters hard. 
Kiln go Do 3.13 0.43 3-91 
TABLE XII 
Porceiain body pilus ferric silicate. 
Temp. =1310°. 
Silicate. Total iron Fired in. Duration Colour of the % Iron in the vitri- ‘Total iron as 
in bonedry vitrified body. fied body as FeO; in the 
ly. vitrified body 
FeO. Fe,0, 
1% 1.36% Muffle 60 hrs. Greenish brown 1.03% 0.1? 1.28% 
Kiln go Yeliowish brown 1.06 0 105 1 264 
2 2.006 Muffle 60 Rrown mass 1.49 0.271 1.91 
Kiln 9° Do 1.51 0.203 1.903 
4 3 39 Muffle 6o Blackish brown 2.601 0.31 3-28 
Kiln go Deep chocolate 2.76 0.21 3-28 
5 4.003 Muffle 60 Deep blackish 3.20 0.306 3-901 
brown, metallic 
lustre 
Kiln go Do 3.262 0.28 3.89 


From the results concerning feldspars, it has been suggested in the introduction that 
the alkalies in them are loosely bound and that some of them perhaps are not re-accommo- 
dated in the tetrahedral structure when fused with ferric iron. If this be correct, the 
question centres round the state of existence of the displaced alkalies. Since this admits 
of diverse suggestions being made, one of such probabilities is that the alkali metals 
may form soluble compounds with silica and then remain uniformly distributed in the 
solidified melt. A satisfactory verification of such a deduction can be made from a study 
of fi) the total quantity of alkaties extractable from 100 g. of the powdered melt, (ii) the 
total quantity of iron that passes into solution on being treated with different acids (both 
dilute and strong) and (iii) the total quantity of silica or alumina separated from the fused 
mass when treated with water. 
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For a measure of the alkalies, displaced from the structure, powdered aibite or 
orthoclase was intimately mixed with ferric oxide (4%) and the mixture was exposed to 
1310° for 4 hours. The total duration of heating, soaking and cooling involved 
30 hours. The soiidified melt was powdered to pass through a 200 hole sieve. The 
powder was dried at 1v0° and after cooling in a desiccator, 5 g. were weighed out in a 
platinum basin. This was then heated for 1 hour on a water-bath with 100 c.c. of 
distilled water, the loss of water being made good by occasional fresh additions. ‘The 
liquid was then filtered and the residue thoroughly washed with distilled water, the 
runnings having been added tothe filtrate. The filtrate was next titrated with N/50-H,SO, 
Another 5 g. sample was autoclaved with 100 c.c. of distilled water for 1 hour at 2 kilos 
pressure and the extract was similarly titrated. These experiments were also repeated 
with pure albite or orthoclase under identical conditions (‘Iable XIII). 


Tas.e XIII 


Alkalies separated from albite or orthoclase. 


Material. Alkalies separated from 100 g. of the melt 
Water-bath. Autoclave 
Albite alone Siight trace Slight trace 
Albite +4% FegO» 1.82 g. 2.03 g. 
Orthoclase alone Trace Trace 
Orthoclase +4% Fe,O; 1.84 g 2.06 g. 


The resuits in Table XIII show that the alkalies in feldspars are displaced 
by iron and that they are extractable. This is, however, not true of pure albite or 
orthoclase. In this respect the results are not in agreement with those recorded by 
Daubrée (loc. cit.). Naturally, these experiments were repeated with slight modifications. 
Thus, instead of 5 kilos of potash feldspar, we started with 1 lb. of previously powdered 
albite or orthoclase for each experiment. Each specimen was agitated separately with 
the same quantity of water for 72 hours, both in an all-porcelain pot miil and in an iron 
drum of almost identical shape and size. The slip from each could be easily made to pass 
through 250 mesh sieve. This was then filtered and Washed in the usual way. Table 
XIV shows the results of such experiments. 


TABLE XIV 


Material. ; Alkalies in the extract from 
Pot mill. Iron drum. 
Albite. Slight trace U.104 g 
Orthoclase Trace 0.183 


It is thus clear that the presence of iron is not beneficial to the stability of the 
alkalies in feldspars and this is perhaps a striking observation. 

The iron in the melts appears to be in a very stable state of combination, as this 
cannot be broug*t into solution by heating with acids (both dilute and strong). This 
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was tested by treating the powderéd samples (5 g. each) separately with acids (100 c.c. 


for rt hour and filtering. The extract and the washings were analysed for iron in the 


usual way and Table XV shows the results of such analyses. 


TABLE XV 


Material. "Acid. Tron as Fe,O; in the extract from Remarks. 
Dilute acid. Strong acid. 
Albite melt HCl 0.007 g. 0.04 g. Calculated for 
HNO; 0.004 0.031 100 g. of the 
H,SO, 0.0051 0.038 powder 
Orthoclase melt HC! 0.0073 0.052 
HNO; ©.0046 0.036 
HS0, 0.0057 0.054 


It is rather difficult to get an exact measure of the silica or of alumina that may be 
separated dre to the action of ferric iron on feldspars. An approximate idea was, 
however, made by adopting a rather crude procedure. A definite weight of the pulve- 
tised fused mass ‘200 mesh) was treated separately with caustic soda solutions of various 
strengths on a water-bath for 24 hours and the proportions of both alumina and silica 
were estimated in the extract. Stronger alkali solution was not used asit exerted 
powerful decomposing action upon the feldspars. The specific gravity of the residue 
from each was also determined. Table XVI gives rather a crude picture of such 


experiments. 

TABLE XVI 
Orthoclase. 

Alkali conc Al,Os. SiO. Sp. gr 
N/40 0.033 % 0.114 % 2.180 
N/30 0.080 0.360 2.165 
N/20 0.130 0.520 2.150 
N/10 0.170 0.640 2.14 
N/5 0.270 0.880 2 120 
N 0.450 1.030 2 099 


The results point out that, relatively, the proportion of SiO, is higher than that of 
alumina and, as such, the possibility of formation of the sodium silicate exists. 

Before concluding, it would be of interest if a brief reference to the usefulness of the 
glassy meit from feldspais and iron oxide for glaze purpose be made. A few compositions 
were tried for producing a good brown glaze for stoneware jars and the following 
are some of the recipes that have given satisfactory results. 


TasLe XVII 


i. 2 3 I 2 3 

Melt vee “ 3° 14 35 Marble 16 15 

MnO, oe c 7 6 Ouartz re 37 38 37 

Fire clay ee eee 10 I5 iT Potash feldspar 6 — _ 

China clas ee web 5 — 5 Soda es — 6 
Whiting . — 16 


Further work on other feldspars is in progress. 
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It has been conclusively established that ferric iron does suffer reduction in feldspar 
melt and that the resultant colour of the fired mass depends on the relative propor- 
tions of the oxides of iron and on the nature of compounds they produce. Strikingly 
enough, the tendency for reduction to occur is definitely greater in orthoclase than 
in albite. From a study of oxidation-reduction effects in glass, Moore (loc. cit.jhas 
found that the tendency of terric iron towards reduction is less marked in ‘all-potash’ 
glasses than in ‘all-soda’ giasses of the corresponding composition. ‘‘The potassium ions 
are heavier than the sodium ions and will therefore migrate more slowly through the 
glass ; but, in addition, the potassium ions are larger than the sodium ions and will there- 
fore have a greater difficulty in passing through the mesh-like structure formed by the 
SiO, tetrahedra’. 

The argument of Moore is though convincing, the fact concerning enhanced 
reduction of ferric iron in orthoclase remains. It is therefore proposed to offer some 
plausible explanation for this anomaly. The tota' percentage of the alkalies in ortho- 
clase is greater than that in albite and this must be one of the reasons for an increased 
yield of ferrous iron. The way in which the alkali metals are accommodated in the 
glass structure is perhaps not similar to that in feldspars. This will be evident from 
the fact that a mass of powdered potash or soda-lime-silicate glass, on being simply 
treated with water, xives a definite test for the alkalies. Feldspar powders do not, 
ordinarily, respond to such a test. Again, there is evidence that a glass containing 
potassium oxide is somewhat more stable towards water than the corresponding glass 
with an equal weight of sodium oxide as its alkalies. From our findings (Table XIV) 
it may be said that feldspars behave differently. The concentration of the alkalies in 
water, under modified conditions of experiment, is greater from potash feldspar than 
from the soda variety. These two facts point out that the stability of a sodium atom 
in glass structure is perhaps analogous to that of a potassium atom in orthoclase. 
This observation appears also to be in accord with known facts concerning feldspars. 
Thus, orthoclase alters rather easily to kaolinite or to sericite. The change occurs 
both under weathering and hydrotherinal conditions. Relatively, however, albite is 
more stable under hydrothermal conditions. 

All experiments were made with natural feldspars which are never pure. It has 
been shown that natural orthoclase usually contains about 20% of NaAlSi,O,, besides 
very small amounts of other molecules such as CaAl,Si,Q,, RbAISi,O,, ete. Albite 
contains up to 10% CaAl.Si.0, and up to about 5% KAISi,O,, as well as minor amounts 
of other molecules (Winchell, ‘‘Elements of Optical Mineralogy’’, 1932, Part II, 3rd. 
Ed., pp. 364°68). The results of ultimate chemical analyses of our specimen appeat 
in Table I. A calculation of the mineralogical composit‘on of each sampie was made 
from the resuits of chemical analysis by the adoption of the procedure outlined by 
Washington (J. Amer. Ceram. Soc., 1918, 1, 405). On the basis of this, the sample of 
orthoclase is found to contain 21.3% of NaAISi,O, and 2.2% CaAl,Si,Os. The albite 
specimen contains 3.6% KAISi,O, and about 2.4% CaAl,Si,O,. It will be seen 
that the potash feldspar is more sodic and the reverse is not well merked in albite. 
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It is therefore to be expected that the fluidity of the molten mass from potash feldspar 
must be higher than that from albite at 1310°. Increased fluidity assists in greater 
freedom of movement of the ions. Again, in order to account for the sub-parallel 
lamallac structure in perthites, it has been accepted that in molten condition both 
sodium and potassium atoms are evenly distributed through the network (Shand, 
““Eruptive Rocks,’’ 1947, p. 15’. If both the alkaiies in greater amounts are available 
simultaneously for reduction, the progress would relatively be great. All these, coupled 
with the reasonings already made above, should perhaps be the reason for enhanced 
reduction in orthcclase. 

The coloured product, prepared pyrogenically from orthoclase and ferric oxide, can 
advantageously be used as an ingredient for stoneware glazes. Its importance lies 
in the fact that, relatively, it can impart increased brilliancy to the glaze. A study of 
the chemical nature of the product is thus a necessary prerequisite to a better under- 
standing of the reason why such improvement occurs. In fact, investigations are in 
progress with a view to obtaining further data for elucidating the course of reaction. 
From data already recorded in the present paper and from some of those in progress, 
there is some justification in considering the product to be a mixture of FeAl,Si,O., 
KFeSi,O, and unchanged orthoclase. From analogy with known feldspars, these 
compounds may be designated as iron analogue of anorthite or iron plagioclase and 
iron orthoclase respectively. It it proposed to discuss, if the formulae, assigned to the 
two different compounds, are theoretically possible. If so, what may possibly be the 
courses of reaction. 

Chemical analyses of the thoroughly washed powdered mass show that there has 
been definite change in the composition. Now, variation in composition may be caused 
by inclusion, regular intergrowths or by solid solution. Again, there are three 
principal types of solid solution: substitutional ‘or proxy), interstitial and defect. 
It needs deciding which of these probabilities, if any, is there. Since the percentage 
of the alkalies are appreciably lower than what is expected theoretically, the change 
cannot be due to inclusion. Phenomenon like intergrowths is only possible if there 
be a solid solution of two or more crystals first. The question of orientation of the 
precipitated phase within the host crystal is a subsidiary one. Pending any decision 
regarding the structure and chemical nature of the compound, the idea of ex-solution 
intergrowths appears to be superfluous. It cannot be due to defect lattice, as there is 
no available literature to show that vacancy actually exists in the structure of feldspars 
due to missing atoms. Even, if it were a fact, the total percentage of the alkali 
metals ought not to have gone down. ‘This is also precisely the reason why the change 
should not be regarded as due to regular interestitial solid solution where atoms 
are being added and none removed. It is therefore to be seen if the variation in 
composition is due to replacement of alkali atoms by iron atoms and also due to 


similar change between iron and aluminium. The former accounts for the formation 
of iron analogoue of anorthite and the latter for iron orthoclase. 

It has Jong been customary to think of the feldspar family in terms of the three 
end-members: orthoclase, albite and anorthite. The structures of these are more 
amenable to substitution and, as such, they give rise, by isomorphous crystallisation, 
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to several series of solid solutions. ‘The substitution of Ca-Al for Na-Si in the net- 
work is a matter of common occurrence. ‘This accounts for the presence of varieties 
of feldspars in nature. Besides, there are a lot of feldspars containing cations other 
than Na, K, Ca or Ba, and so the idea of an iron feldspar is not unusual. Again, 
most of the natural feldspars have been synthetically produced either pyrogenically 
or under hydrothermal conditions from their constituents or by the breaking down 
of other more complex silicates ‘‘“Synthése des minéraux et des roches’”’, p. 138; 
‘Manuel de minéralogie’’, 1862, vol. I, pp. 277, 543; Compt. tend., 1877, 85, 952). 
Feldspars, analogous to anorthite, oligoclase, and labradorite, but containing strontium, 
barium or lead in place of calcium, have aiso been obtained synthetically by Fouqué 
and Lévy (Synthése des minéraux et des roches’’, p. 145). Plagioclase feldspars 
containing potassium have been made by Dittler (Min. pet. Milt., 1910, 29, 273). 
Recently, Goldsmith ‘J. Geol., 1950, 58, 518) has prepared compounds of gallium 
and germanium that are isostructural with the feldspars. He has shown that in the 
Na and K feldspars, Al** and Si** can becompletely replaced by Ga‘** and Ge‘ 3 but 
in pure Ca feldspar, complete substitution cannot be made. From a consideration 
of these facts, the idea of the formation of compounds like FeAl,Si,O, and KFeSi,O, 
does not seem improbable. The change may be represented as taking place in the 
following way : 

‘Ki—>0, Feo*— 1) (Al;_p», Sis—p2)O0s 


and (Ky, Feo” ) (Al;_-0, Sis)Os 


In the first equation, for each Fe** ion introduced in place of K*, an extra positive 
charge is simultaneously introduced. This is, however, compensated by a similar 
substitution of Al** for Si** in the structure and the double substitution 
Fe?* +Al®'=K*+Si‘* causes no net change in valence charges. Similarly, the 
mechanism of the second equation can be explained. Separations of alkalies, silica 
and alumina from the feldspars and retention of iron, mostly in the ferrous form, appear 
to lend support in favour of the proposed scheme of reactions. 

According to Goldschmidt’s empirical rules (Norton, ‘Refractories’, 1942, 2nd 
Ed., p. 59) none of the proposed scheme of reaction is a case of isomorphous substitu- 
tion. For, the possibility of isomorphous substitution depends more upon ionic size 
than upon valency, and ions readily interchange if they are equal both in charge 
and size. The substitution is also possible even if radii of the similar atoms diffe: 
from each other by less than approximately 15% of the radius of the smaller atom. 
There is more than 15% difference between the radii of Fe?* (0.834) and K*(1.334) 
or between Fe**(o.674) and Al** (0.574). 

Again, on the basis of Pauling’s principle (loc. cit.) these iron compounds cannot 
be iso-structural with the natural feldspars. For, in order to be classed as a feldspar, 
it is essential to have a structure having linked tetrahedral groups containing silicon 
and aluminium. If, now, a similar structure be assumed for the proposed iron analogue 
of anorthite, it will not be possible to justify the same by the application of Pauling’s 
principles. Thus, the oxygen linked to aluminium and silicon has a valency of one- 
7—1777P—109 
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fourth left unsatisfied. A ferrous iron forms octahedra! co-ordination and, as such, 
its contribution is only one-third. Naturally it cannot balance a deficiency of one- 
fourth. From similar considerations it is not possible to assign a feldspar structure 
to the proposed iron orthoclase. It may, however, be pointed out that in the latter 
case, the oxygen linked to iron and silicon has a valency of one-half and this can 
readily be balanced by the large monovalent potassium ions, since they are surrounded 
by eight oxygens. 

It now transpires that the formulae, provisionally assigned to the iron compounds, 
are quite possible according to the ordinary laws of valency and from chemical analyses. 
On the other hand, they cannot be classed as feldspars if the rules formulated by Pauling 
and Goldschmidt be considered. Literatures show that Pauling’s rules are applicable 
mostly to silicates found in nature and that these laws are not well obeyed in cases of 
artificially prepared silicates (Bragg, ‘‘Atomic Structure of Minerals’’, 1937, p. 37). 
Likewise, Goldschmidt s empirical rules are not beyond exceptious. Many instances 
are known where isomorphous substitutions do take place even though the radii of 
atoms differ by more than 15% (Norton, ‘“‘Refractories’’, 1942, p. 60). The existence 
of iron orthoclase molecule in feldspar has also been suggested by Faust (l4mer. Min., 
1936, 21,735). If these exceptions be given any credence, it may be concluded that, 
pending X-ray and ‘other analyses, the idea of grouping the iron compounds as feldspars 
cannot be ruled out altogether. 
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LIMITS OF SUPERSATURATION AND THE DIFFERENTIAL 
HEAT OF SOLUTION 


By B. S. SRIKANTAN AND M. RAMACHANDRA 


Limits of supersaturation Ts—Te have been defined in terms of solubilities at 7s and 7. and the 
differential heat of solution has been calculated from solubility data by Van't Hoff's Isochre of T's and T® 


It has been shown in a previous paper ‘this Journal, 1950, 27, 627) by one of us 
that supersolubility range follows closely the solubility curves for a number of 
inorganic salts in water. For substances like KCl, whose temperature coefficient of 
solubility is constant throughout the range, the limit T,;—T> of supersaturation is 
constant, and for others this is constant only in such regious where the temperature 
coefficient is constant. For these substances which show a metastable region in their 
normal solubility range, there is a considerable effect on this value of T,—To, if the 
solution is heated to the metastable region before cooling. This value becomes enor- 
mous for hydrates which show a transition temperatue between the hydrated and the 
unhydrated species of the molecules. 

Taking the values for subs‘ances which belong to the first class mentioned above, 
it is possible to define the limits of supersaturation with reference to solubilities at 
two different temperatures. In Fjgure 1, A B is the normal solubility curve ofa 
substance which has a low and constant temperature coefficient of solubility. A’B’ 
is the supersaturation curve defining the metastable region beyond which spontaneous 
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crystallisation occurs. LM is the quantity of the substance that will fall down as shower 
in change from T; at N to T;, at M. Conversely, it could be concluded that a saturated 
solution at T, could be rendered supersaturated at that temperature by dissolving 
that quantity of the substance (LM) more, which is required to saturate it at a higher 
temperature T;, such that T, — T; defines the limit of supersaturation. 

Then for these substances the following thermodynamic relation holds good at 
normal solubility at the temperatures T, and Tc. 

These two temperatures T; and T, are on the normal solubility curve and hence, 
if T.=T, and T;=T, (in the absolute scale) and C, and Cs, the solubilities at these 
temperatures, the equation 

log = z (z - ) where C, and C, are the solubilities 
at T, and T, and —H is the differential heat of solution at that saturation, i.e. fora 
small range of temperature, can be rewritten as 


nH ( Hat | 
og — > 





co Bl. mele 


The following table gives the values for H per g. mol. of KCl calculated from the 
above equation at different temperatures in comparison with the data from the Inter- 
national Critical Tables (Vol. V, p. 169) for saturated solutions having the same ratio 
of solute to solvent. 

Ts—Te for KCl is from the previous paper (loc. cit.) and is 13.1. The data from 
the International Critical Tables are from solubilities at 18° at different dilutions. 
The data in column 2 are each the average about those temperatures in column 1. 
As an example of method of calculation, the following outline is given. 


40°. 


Temperature 
(i) Ts = 273 + 40 
Tc = 273 + 26.0, H, is calculated 


(ii) Ts = 273 + 53.1 
Tc = 273 + 40. Hz is calculated 


‘ , H,+H 
The heat of solution H in column 2 = oe es ‘ 
TABLE I 

H calories/g. mol. ” 
Temp. Calc. from equation. From ICT. 

40° 1380 1350 

50° 1310 1350 

70° 1330 1350 


Average 1330 135° 
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The agreement is excellent. 

Among the other substances studied in the previous paper (loc. cit.) NH,Cl shows 
only a slight variation in the temperature coefficient of solubility. The value for the 
heat of solution calculated from the above equation comes out to be 1360 cal./g. mol., 
whereas that from the data of International Critical Tables works out as 1890 cal./g. mol. 
from the range from 20° to 70°. The order of concordance is fair, considering that the 
values for 7';—T. vary from 3.7 to 9.5 and there is stabilisation due to heating to the 
metastable region in the normal solubility curve. 

For other substances like KNO;, H;BO;, KCl0,, etc., the Isochor cannot be 
applied since these show a marked variation in the temperature coefficient of solubility 
and the difference in the number of moles of solute for saturation between 20° and 80° 
is very high ; for a small change in the value of T,—Tc, the concentration change 
LM (Fig. 1} is great. It is possible that the ions of these salts may be highly hydrated 
and a small rise in temperature might remove the water molecules from the ionic 
sphere of the salts and act as a solvent for further solubility of the salt, and hence a steep 
rise. in the solubility curve with temperature. In such concentrated solutions, the 
degree of hydration, heat capacities of the solutions, temperature and such other factors 
have a great influence. . 

The authors’ best thanks are due to the Principal Dr. A. Ananthanarayana Ayer 
B. A., M. B. B. S., M. Se., for his kind interest. 

DEPARTMENT OF ORGANIC CHEMISTRY, 


STANLEY MEDICAL COLLEGE, Received March 3, 1951. 
Mapras. 
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CHEMICAL INVESTIGATION OF THE SEEDS OF BALANITES 
ROXBURGII, PLANCH ‘HINGORA SEEDS). PARTS I. SAPONIN 


By V. V. DHEKNE AND B. V. BuHIDE 


The present work is concerned with the isolation of a fish poison from pericarp of the seeds. ‘The 


pericarp vields 11% saponin. One in 60,000 parts of the alcoholic extract of the saponin has been found 
to kill fish. Acetyl and benzoy! derivatives of the sapogenin, obtained on hydrolysis of the saponin with 


5% HCl, have been prepared. 

Bulanites Roxburgii {N. O. Simarubaceae} is found in almost all forests of India. 
The bark, seeds and leaves are used in Indian medicine. ‘The pericarp is used asa 
detergent and as a fish poison. 

Weil (Arch. Pharm., to01, 239, 363) showed that the pericarp contains about 7% 
saponin having the molecalar formuja C,;,H..O,,. Patel (Curr. Sci., 1943, 12, 58) has 
given the constants of the seed fat. An allied species, Bulanites aegyptica (Wall) was 
examined by Kon and Weller (J. Chem. Soc., 1939, 800) who isolated the saponin in a 
crude condition and the sapogenin obtained on hydrolysis was named ‘“‘Nitogenin’’. 
Later Marker ‘J. Amer. Chem. Soc., 1943, 65, 1248) showed that this sapogenin must 
be ‘‘Diosgenin’’. ‘The present work is concerned with the isolation of the fish poison of 
the pericarp of the seeds. 

The seeds were kindly supplied by the Sub-Divisional Forest Officer, Sirsee, and the 
investigation was financed by the Government of Bombay. 

A preliminary investigation showed the absence of alkaloids and that the active 
principle was probably a saponin. Quantitative estimation showed that the saponin 
content was 11% on the basis of the weight of the pericarp. Numerous experiments 
were tried to isolate the saponin in a pure condition. A small quantity of saponin of 
m.p. 301° was obtained, not pure enough for analysis, bui it showed a high haemoiytic 
activity on red blood corpuscles, and fish were killed by alcoholic extract in a concen- 
tration of 1 in 60,000. Evidently the fish poison is the saponin. The crude saponin is 
also lethal to bed bugs. 

The saponin on hydrolysis with 5% hydrochloric acid gave the sapogenin (m.p. 
197-98°) which was identified as diosgenin by direct comparison by Prof. Marker with 
an authentic sample. Several attempts were made to identify the sugar part of saponin, 
but it could not be identified as a large amount of tarry material was obtained with the 
sugars. 

Since diosgenin can be used as a starting material for the preparation of steroid 
hormones, numerous experiments were carried out to improve the yield of diosgenin 
from the pericarp, and under best conditions the yield of pure diosgenin was only 0.1%. 


EXPERIMENTAL 


The pericarp (40 g.) was extracted with different solvents. ‘The results are shown 
in Table ]. 
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TABLE I 
vent. Extract. Solvent. Extract. 
1. Petroleum ether 0.72 % 4. Ethvl acetate 0.67% 
2. Ether (sulphuric) 0.23 5. Alcohol 13.82 
3. Chloroform 1.65 6. Water 33-2 


Examination of the various extracts showed the presence of a saponin, Tests for 
alkaloids were negative. 

Isolation of Crude Saponin.—The pulp from the pericarp of the seeds (100 g.) was 
soxhleted with 60% alcohol. ‘The alcohol was distilled off and the extract was acidified 
with 5% hydrochloric acid. Brownish precipitate was obtained after some time, which 
was Allowed to settle down. The precipitate settled down more rapidly when the acidified 
extract was diluted with more water. It was very difficult to filter. Hence, it was washed 
by decantation and finally dewatered by centrifuging and the residue refluxed with 
absolute alcohol for about haif an hour and the alcoholic extract filtered and concentrated. 
The alcoholic solution was added slowly to about 400 c.c. of ether. A sticky mass was 
coliected at the bottom. The ether layer was decanted off and the residue was washed 
several times with dry acetone, when a granular solid separated, which was filtered, m.p. 
230°. It was again crystallised from absolute alcohol, m.p. 300-301°. The saponin gave 
the sapogenin on boiling with 5% hydrochloric acid. 

Isolation of Sapogenin.—The puip from the pericarp of the seeds (1400 g.) was 
extracted with 60 % alcohol by percolation. The alcohol was distilled off and the 
extract was acidified with 5% hydrochloric acid. A brownish precipitate was obtained 
after some time, which was allowed to settle down. _ Dilution of the acidified extract with 
more water facilitated settling down. 

As the precipitate was colloidal in nature it was separated by decantation, washed 
and finally dewatered by centrifuging. ‘The residue was boiled with 5% hydrochloric 
acid for about five hours. A solid soon began to separate which was brown at first, but 
soon darkened. At the end of this. period the frothing tendency disappeared. The 
material obtained was dark and sticky. It was washed several times with water and 
dried ona filter paper. It was then refluxed for about an hour with ether. ‘The ether 
dissolved the sapogenin. A dark mass was ieft which could not be purified. ‘The ether 
extract on evaporation gave a sticky grey mass, which was crysta!lised from benzene, 
followed by one from petrol (charcoal). A sapogenin of m.p. 192-93° was obtained, yield 
3g- The crude sapogenin was crystallised ten times from ethyl alcohol when m.p. rose 
to 197-99°. Crystallisation from benzene did not raise the melting point any further. 

Acetyl Derivative of the Sapogenin.—A mixture of the sapogenin (0.5 g.), fused 
sodium acetate (1.5 g.) and acetic anhydride (5 c.c.} was refluxed for 6 hours and poured 
in water. After some time the solid separated. It was collected and crystallised from 
methyl alcohol or benzene in plates, m.p. 191-92 

Benzoyl Derivative of Sapogenin.—The sapogenin (v.5 g.) was dissolved in pyridine 
aud benzoyl chloride ‘2 c.c.) was added to it with constant vigorous stirring. ‘The 
mixture was then heated on a water-bath for half an hour and poured in dilute hydro- 
chloric acid. ‘I‘he solid, separated after keeping overnight, was collected and crystallised 
from absolute ethyl alcohol or benzene, in.p. 229°. 
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The following table gives the physical properties of the sapogenin and its derivatives 


aloag with those of diosgenin given by other workers. 


genin confirmed the identity of this sapogenin. 


TABLE I 


Name of the Kon and Weller. 


compound 
(Balanites Aegyptica, 
Wall. Nitogenin). 
M.p. 201°. 
(1) Sapogenin Sp. rotation:[a]o —112° 


Found: C, 77.6; 
H, 10.5. 
Cy7H yO; requires 
C, 77.8;H, 10.7%. 
M.p. 229° 
Sp. rotation: [a]n -- 


Analysis 


(2) Benzoyl 
derivative Found : C, 78.2; 
H, 9.1. 
CyH yO, requires 
C, 78.4; H, 9.1%. 
M.p. 191° 
Sp. rotation: [aJo — 


Analysis: 


(3) Acetyl 
derivative Analysis: Found : C, 76.1; 
H, 10. 
CogH gO, requires 


C, 75-9;H, 10.1%. 


*J]. Pharm. Soc., Japan, 
1936, 56, 408. 


MAHARAJA PRATAPSINH CHEMICAL LABORATORY, 
Sirk PARASHURAMBHAU COLLEGE, 
Poona-2. 


Marker et al. 


205°. 


238° 


200 


Direct comparison with dios- 


Matsukava* Present work. 


(Dioscorea Takora). 


mer.))* 197-199". 
—119° —118.3° 
Found : C, 78.2; Found: C, 78.12; 
H, 10.2. H, 10.34. 
CyH yO; requires 
C, 78.26; H, 10.14%. 
237° 229° 
- —73 82° 
Found. C, 78.7; Found: C, 79.1; 
H, 9.0 H, 8.4% 
CygH yO, requires 
C, 78.76; H, 8.8%. 
190° 190° 
~ —172 4° 


Found: C, 76.4; 
H, 9.7% 


Found. C, 76.3; 

H, 9.7. 

CogH yO, requires 
C, 76.3; H, 9 6%. 





Received March 30, 1951. 
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DESTRUCTION OF THE LIPASE IN THE OIL SEEDS AS THE 
MOLDS GROW ON THEM 


By C. V. RAMAKRISHNAN AND B. N. BANERJEE 


The synthetic and hydrolytic activities of lipases extracted from good castor and groundnut seeds, 
the moldy oil seeds and the molds grown on those oil seeds were studied and the results recorded 


Ramakrishnan and Nevgi (Proc. Ind. Acad. Sci., 1951, 38B, 260) while investigating 
the different oil seeds for their lipase activity have found that lipase extracted 
from castor and groundnut seeds show better activity. While investigating the oil 
seeds for their lipolytic activity, Ramakrishnan and Banerjee (‘‘ Mold Lipases’’, 1951, 
Science, in press) have found that molds grow on oil seeds due to improper storage and the 
different strains like Aspergillus niger, Penicillium chrysogenum etc., isolated from the 
molds grown on these oil seeds, show better lipolytic activity than the oil seeds. Hence, 
an investigation was carried out to study how far the activity of the lipase in the oil 
seeds was affected by the mold growth. 


ExPERIMENTAL 


Preparation of Lipase.—In one experiment, the lipase was extracted from good 
variety of castor (Ricinus communis) and groundnut ‘Arachis hypogea) seeds according 
to Longnecker and Haly’s method (J. Amer. Chem. Soc., 1935, 57, 2019). In another 
experiment, the molds were allowed to grow on the castor and groundnut seeds kept 
in two desiccators adjusting the moisture content and regulating the flow of air. The 
molds grown on the oil seeds were subcultured in Czapek agar medium in petri dishes 
and pure cultures prepared. Staining method used by Bayliss, Glick and Siem (J. 
Bact., 1948, 10, 5B, 307) as well as the biological method used by Grabill 
and Reed (Biochem. Bull., 1915, 4, 30) were used to detect the lipolytic molds 
from the pure cultures obtained. The highly lipolytic strains Aspergillus niger and 
Aspergillus flavus, isolated from castor source, and Penicillium chrysogenum and Asper- 
gillus oryzae, isolated from groundnut source, were grown in one litre capacity conical 
flasks containing 200 c.c. groundnut cake medium which contained 10% freshly prepared 
groundnut oil and 20% oil-free groundnut cake and autoclaved for 15 minutes under 
15 lbs. pressure, inoculated with mold and incubated at 37°, and after a week the mats 
formed were removed, washed well with sterilised water and extracted with low boiling 
petroleum ether to remove the fatty materials from the mat. They were completely dried 
at room temperature to remove the solvent, powdered well, sieved through a 60 mesh 
sieve, and the powder obtained was used for the experiment. 

In the third experiment, the molds grown on the seeds were removed, the skins 
peeled off and the meal was completely washed with sterilised water toremove the traces 
of molds present, and the lipase prepared from it ‘according to Longnecker and Haly’s 
method (loc. cit.). 


8—1777P—10 
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The activities of these lipases were studied by carrying out the hydrolysis of freshly 
prepared groundnut oil by these lipases using disodium phosphate-citric acid buffer. 


Each set of the experiments consisted of 1 c.c. of groundnut oil, 5 c.c. of water, 2 c.c. 
of buffer mixture of varying pu , 0.1 g. of lipase and a few drops of toluene in a conical 
flask, shaken well and kept in the incubator at 37° for 24 hours. Always a blank accom- 
panied each sample. After the period of incubation, the contents of the flask was 
taken out, 25 c.c. of neutral alcohol added, warmed for some time and titrated against 
N/to-NaOH. Necessary precautions were taken to take readings under sterile conditions. 

_ The activity of the lipase is expressed in terms of the difference in c.c. of N/10-NaOH 
between the sample and the blank. The results are shown in Table I. 


TABLE I 
Buffer : Disodium phosphate-citric acid. Oil: Groundnut oil. (f.f. as, 0.05). 


Difference in c.c. of N/1o-NaOH between the sample and the blank in case of lipase from 


Good before castor seed A. niger A. flavus Good groundnut seed A. Oryzae P.crysogium 
Pu. mold after mold isolated from castor before mold after mold from groundnut 
growth. growth. source. growth. growth. source. 
3-2 7.0 0.8 8.3 7.5 5.0 0.5 5.6 4-9 
3-6 7:8 II 8.0 8.1 5-3 1.0 8.9 7:3 
4.8 13.0 2.6 Q-2 8.9 7.2 3.2 10.9 105 
5.2 8.9 2.0 10.8 9-2 11.8 1.8 12.3 11.8 
5.7 6.9 1.7 15.4 11.8 6.8 1.0 15.5 13.1 
6.2 5.8 1.2 19.5 14.3 4-2 0.7 188 15.9 
7.2 4-7 0-5 22.6 10.9 3-3 0.5 5-7 98 
7-4 3-9 ~ 17.3 9-2 2.7 _ 2.8 5-4 
TaBLe II 
Difference in c.c. of N/10-NaOH between the sample and the blank in case of 
Name of the lipase and Fresh castor Castor oil Highly Fresh groun- Groundnut Highly 
pu of the buffer used. oil, extracted rancid dnut oil- oil extrac- rancid 
from the castor oil. ted from groundnut 
moldy seed. moldy seed. cil. 


f.f.a. 0.08%. f.f.a.0.87%. f.f.a. 3.5%. ffa.0.05%. f f.a. 0.54%. f.f.a.3.1% 


Lipase from good castor seed 


(pa 4.8) 13.8 8.2 1.1 13.0 8.0 0.2 
Lipase from castor seed after 

mold growth (pa 4.8) 2.6 1.6 0.2 2.6 1.2 0.1 
Lipase from A. niger isolated 

from castor source (px 7.2) 23.1 19.2 2.3 22.6 18.5 0.8 
Lipase from good groundnut 

seed (px 5.2) 12.8 10.3 0.8 11.8 9.8 0.2 
Lipase from groundnut after 

mold growth (Pu 5.2) 2.3 1.1 0.2 1.8 0.7 0.1 


A. oryzae isolated from ground- 
nut source (pg 6.2) 19.1 16.5 1.8 18.8 13.9 0.5 

















DESTRUCTION OF LIPASE IN OIL SEEDS, ETC. 


TABLE IIT 


Buffer: Disodium phosphate-citric acid. Oil: Groundnut oil (f.f.a., 0.05%). 


Difference in c.c. of N/10-NaOH between the sample and the blank for lipase from 


Time. Good castor Moldy castor A. niger from Good ground- Moldy ground- A. Oryzae from 
seed. seed. castor source. nut. nut. groundnut source. 
tin 4.8. *pn 4.8. *Pn 7.2. *Pa 5.2 *Pn 5.2 *pu 6.2. 
7 days 13.0 2.6 22.6 11.8 1.8 18.8 
10 13.0 2.0 24.1 11.7 1.3 19.5 
20 12.8 1.2 24.1 11.5 0.9 19.6 
30 11.8 0.8 24.1 11.0 0.4 19.4 
€0 11.2 0.3 22.8 10.7 0.4 18.2 


*pa of the buffer used. 


TABLE IV 


Solvent : Ethyi ether. 


Percentage synthesis of butyl oleate on 


Lipase. from ist day. 2zndday. 3rdday. 4thday. sth day. 6th day. 7th day. 
Good castor seed 16.5 29.7 40.2 50.7 52.5 62.7 60.3 
Moldy castor seed 2.6 4.8 6.4 7:5 8.1 9-5 7.8 
A. niger isolated 

from castor source 17.2 28.9 41.6 49.8 52.3 65.8 61.3 
Good groundnut 15.9 32.8 49-5 56.2 61.8 58.5 — 
Moldy groundnut 2.3 5-1 7.0 8.1 8.1 8.3 _ 
A. oryzae isolated from 15.4 30.7 45.8 52.3 60.8 63.4 60.9 


groundnut source 


From Table I it can be seen that the optimum pz for the activity of the lipase 
extracted from good as well as moldy oil seed is the same even though the activity has 
decreased in the second case. The lipase extracted from the molds grown on the oil 
seeds show high activity at optimum pz of 6.2 to 7.2 depending upon the mold from which 
it is extracted. 

The hydrolysis of the oils extracted from the good oil seed, moldy oil seed as well 
as highly rancid oils wes studied using these lipases and disodium phosphate-citric. acid 
buffer. Buffer mixture of px 4.8 was used in the case of lipase from good and moldy 
castor seeds ; buffer mixture of px 5.2 in the case of lipase from good and moldy ground- 
nut seed ; buffer mixture of py 7.2 and 6.2 respectively in cases of lipases from A. niger 
and A. oryzae respectively. The results are given in Table II. 

From Table II it can be seen that the hydrolysis is high in fresh oil in all cases 
and decreases in the order : fresh oil, oil from the moldy seed and highly rancid oil. The 
free fatty acid of the oil increases in the order: fresh oil, moldy oil and rancid oil. 
Highly rancid oil is the least hydrolysed by all lipases and the lipase activity in the oil 
seed is the least in the case of the moldy oil seed. 

The molds were allowed to grow on oil seeds and at different intervals of time ; the 
lipase was extracted from the moldy oil seeds as well as certain strains isolated from the 
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molds grown on them. ‘The activities of these lipases were found out by studying the 
hydrolysis of groundnut oil using these lipases and disodium phosphate-citric acid 
buffer. The results are shown in Table III. 

From Table III it can be seen that in the case of stored oil seed, the activity of the 
lipase slowly decreases. As the molds grow on the oil seeds, the activity of the 
lipase extracted from the molds increases with ageing up to a certain limit and then dec- 
reases, whereas the activity of the lipase from the moldy oil seeds decreases as the 
molds grow on them. This proves that the lipase in the oil seeds is destroyed as the 
molds grow on them. 

Finally, the synthesis of butyl oleate was carried out using these lipases to see how 
far the synthetic activity of the lipase in the oil seeds was affected by the molds grown 
on them. 

The acetone-dried samples of these lipases were prepared according to Ramakrishnan 
and Nevgi’s method (J. Univ. Bombay, 1950, 19, Part 111, 34) and used for the experi- 
ment. 

In different conical flasks, equimolecular quantities (0.054 g. mol.) of butyl alcohol 
[b.p. 117° ; d, 0.809 g./c.c., M.W., 74.1) and oleic acid [b. p. 286°; d, 0.895 g./c.c. M. 
W., 282.4] were added. The lipase (1 g.) and ether solvent (10 c.c.) were added to each 
flask, shaken well and kept in the incubator at 37° after corking well. At different 
intervals of time, 1 c.c. from each flask was taken, 25 c.c. of neutral alcohol added, 
warmed for some time and titrated against N/1o0 sodium hydroxide. Always a blank 
accompanied each sample. The difference between the sample and the blank was 
calculated in terms of c.c. of N/10-NaOH. From this the percentage synthesis was 
calculated. ‘The results are shown in Table IV. 

From Table IV it can be seen that the synthetic activity of the lipase extracted 
from the oil seeds also decreases as the molds grow on the oil seeds, whereas the synthetic 
activity of the lipase extracted from the molds grown on the oil seeds is more than that 
extracted from the oil! seeds. 

From the above, it can be observed that the activity of the lipase in the oil seeds 
decreases as the molds grow on them, whereas the activity of the lipase extracted from 
the molds grown on the oil seeds is more than that extracted from good oil seeds. 


The authors’ thanks are due to the Indian Council of Medical Research for having 
awarded a Research Fellowship to one of us (C. V. R.) to carry out this investigation. 
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NITRATION OF SOME SULPHIDES OF ORGANIC COMPOUNDS 
AND REDUCTION OF THEIR NITRO PRODUCTS 


By J. W. Arran AND D. M. KULKARNI 


Nitration of 2 :2’-dibenzoyldinaphthy] sulphide, 3:3’-dicarbomethoxy-4 :4’-dihydroxydipheny! sulphide, 
and 3 :3’-dicarbomethoxy-4 :4'-diacetoxydiphenyl sulphide has been carried out and the nitro products 
obtained have been reduced. 


Nitration of 2:2/-dibenzoyldinaphthyl sulphide gives a dinitro derivative which 
yields on hydrolysis 2:2'-dihydroxy-5:6’-dinitrodinaphthyl sulphide, identical with the 
compound reported earlier (this Journal, 1951, 28, 211). On reduction with tin and 
hydrochloric acid, the nitro groups are reduced and the sulphur linkage broken, but with 
zinc dust, ammonium chloride and alcohol (Morgan and Micklethwait, J. Chem. Soc., 
1912, 101, 151) reduction without breaking of sulphur linkage and debenzoylation 
takes place. 

On similar nitration 3:3’-dicarbomethoxy-3:4’-dihydroxydiphenyl sulphide gives a 
mixture of two nitro derivatives, one with sulphur and the other, without sulphur, the for- 
mer being 3:3'-carbomethoxy- :4’-dihydroxy-5:5’-dinitrodipheny] sulphide and the latter, 
methyl ester of 3:5-dinitrosalicylic acid; 3:3’-dicarbophenoxy-4:4'-diacetoxydipheny] 
sulphide yields a nitro derivative in which sulphur and the acetoxy groups remain in tact. 
This nitro compound gives on hydrolysis 3:3’-dicarboxy-4:4’-dihydroxy-s:5’-dinitrodi- 
phenyl sulphide, and on reduction the corresponding amino derivative with sulphur 
linkage in tact. 


EXPRERIMENTAL 


2:2’-Dibenzoyl-6:6'-dinitrodinaphthyl Sulphide—2:2'-Dibenzoyldinaphthyl su'phide 
(5 g.) was suspended in glacial acetic acid (50 c.c.) and nitric acid (d 1.4, 25 c.c.) added 
carefully when a very slow reaction was observed to take place. The mixture soon 
became red. On being kept overnight, yellow solid separated out which was filtered and 
crystallised from chloroform, m. p. 207°. The same nitro product was obtained by heat- 
ing the original compound (§ g.} with nitric acid (d ¥.4, 15 c.c.,) till fumes had ceased to 
evolve and on pouring the product on crushed ice. The nitro compound is soluble in 
acetic acid and benzene. (Found: C, 66.17; H, 3.20; N, 4.08; S, 5.26. Cy,H..O,N.S 
requires C, 66.24; H, 3.25; N, 4.55; S, 5.19 per cent). 

On hydrolysis with alcoholic potash, it afforded 2:2’-dihydroxy-6:6'-dinitrodinaphthy] 
sulphide, m. p. 224-25°, identical with the one reported earlier (loc.cit.). 

On reduction of the nitro compound (5 g.) with zinc dust (7 g.), 95% alcohol (so 
c.c.) and ammonium chloride (1 g.) dissolved in water (5 c.c.) after refluxing on a water- 
bath for 3 hours, a bluish green solution was obtained which gave on dilution a bluish 
green solid. The solid was heated with cold dilute HCl, stirred, slightly warmed and 
the blue solid filtered, washed repeatedly with cold chloroform, when a portion dissolved. 


/ 
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The insoluble portion melts at 176-77°. It is soluble in acetone and acetic acid and it is 
2:2’-dibenzoyl-6:6’-diaminodinaphthyl sulphide. ‘Found: S, 5.65. Cs34H2sO,N.S requires 
S, 5.75 per cent). 

On reduction-with granulated tin and concentrated HCl a violet-red solid from 
alcohol, containing nitrogen and sulphur was obtained, m.p. 192-94°. It is 6-amino- 
2-naphthol. 

3:3/-Dicarbomethoxy-4:4'-dihydroxy-5:5'-dinitrodiphenyl Sulphide.—3:3'-Dicarbome- 
thoxy-4:4’-dihydroxydipheny] sulphide (5g.) on similar treatment with nitric acid ‘d, 
1.4, 15 ¢.c.) and pouring over crushed ice, a product was obtained, which on crystallisa- 
tion from alcohol yielded one soluble portion of m.p. 124-25° with nitrogen but no sul- 
phur (methyl ester of 3:5-dinitrosalicylic acid) and another insoluble portion (crystallised 
from acetic acid, m.p. 251-52°}. (Found: S, 7.42. CieH:2O.0N,S requires S, 7.55 
per cent). 

This compound on hydrolysis yields 3:3’-dicarboxy-4:4'-dihydroxy-5:5’-dinitrodi- 
pheny! sulphide, m.p. 263-65° and on reduction the corresponding amino compound is 
obtained. 

On similar treatment of 3:3’-dicarbophenoxy-4:4’-diacetoxydiphenyl sulphide 
with conc. HNO, 3:3'-dicarbophenoxy-4:4'-diacetoxy-5:5'-dinitrodiphenyl sulphide was 
obtained; it crystallised from acetic acid, m.p. 228-29° ‘Found: S, 5.14. C30H290i2N2S 
requires S, 5.07 per cent). On hydrolysis it also yields 3:3'-dicarboxy-4:4'-dihydroxy-5:5 - 
dinitrodiphenyl sulphide. On reduction with tin and hydrochloric acid 3:3'-dicarboxy- 
4:4'-dihydroxy-5:5’-diaminodiphenyl sulphide is obtained. [In all these reductions tin 
is removed by passing hydrogen sulphide. 


RaJARAM COLLEGE, 
KOLHAPUR. 


Received March 27, 1951. 
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SOLUTIONS WITH TEMPERATURE, PART I 


By A. C. CHATTERJI AND R. P. RAstToG! 


VARIATION OF VAPOUR PRESSURE OF SUPERSATURATED 


The vapour pressure of several systems of electrolytes and non-electrolytes in water has been inves- 


tigated at various temperatures. It has been shown that Clausius-Clapeyron equation is applicable even 
in supersaturated solutions. The deviations can be explained on the basis of Ravinovitch’s solvate 
hypothesis. It has been shown that no break occurs at the supersaturated region. Latent heat of 


evaporation of solution has also been calculated. 


Freezing point (Ve Coppet, Ann. chim. phys., 1871, iv, 28, 366), electrical conduc- 


tivity ‘Hein, Ann. Physik, 1886, 27, 643), specific viscosity (Nicol, J. 


Chem. 


Soc., 1887, 61, 381; Taimni, J/. Phys. Chem., 1928, 32, 604), specific gravity and other 


thermal properties vary gradually, and no abrupt change occurs when 


the system 


passes from the saturated to the supersaturated region. So far no attempt has been 


made in this direction to study the vapour pressure of supersaturated solutions. 


present communication an attempt has been made in this direction. 


In the 


The present investigations also afforded an opportunity to study the applicability 


of Clausius-Clapeyron equation to concentrated and supersaturated solutions. 


workers have applied the equation 





where L, = latent heat of evaporation from solution. 
Integrating the above equation, we have 


-L. 
RT 


(assuming that L. does not change much within a small range of temperature). 


+C 





lnp= 


Putting — =D, 


we get In p = a +C, 
Here the applicability of the above equation has been tested. 


ExPERIMENTAL 


dinp _ Le! 
dT RT? 

to pure liquids and melts. In the case of solutions, the equation takes the form 
, dinp _ Ly 
dT RT* 


Many 


(1) 


(2) 


(3) 


Of all the methods for determining.vapour pressure, the dewpoint method developed 





by Lescoeur (Ann. chim. phys., 1889, vi, 16, 378; 1890, 19, 533) and improved by Cum- 
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ming (J. Chem. Soc., 1909, 98, 1772) wasfound to be most suitable for the study of vapour 
pressure of supersaturated solutions. The fact that the supersaturated solution is to be 
left undisturbed limits the applicability of other methods in such cases. In static method 
significant errors are introduced through the failure to remove completely minute traces 
of air or other volatile impurities dissolved in the liquid or absorbed on the walls of the 
containing vessel, while in the dewpoint method, presence of traces of air is immaterial. 
Similarly, in the air-saturation methods difficulties are encountered in handling and 
measuring large volumes of inert gases which must be employed in order to evaporate 
an accurately weighable quantity of the liquid. One other additional advantage of the 
dewpoint method is that the equilibrium between the solution and saturated vapour 
is attained within half an hour. ‘The method has been applied by McBain and Salmon 
(J. Amer. Chem. Soc., 1920, 42, 429) for determining the molecular weight of salts of 
fatty acids in solutions. Several modifications were made by Hipburn (Proc. Roy. Soc., 
1928, A, 40, 255). Recently the principle has been employed by Puck and Wise (J. Phys. 
Chem., 1946, 50, 329) for the determination of vapour pressure of liquids. 

The apparatus consisted of spherical bulb of 100 c.c. capacity resembling that of 
McBain and Salmon (loc. cit.) in other respects. Suitable volatile liquids e. g., ether, 
acetone and alcohol were put in the silver tube. The whole apparatus was put ina 
specially constructed air thermostat having a glass pane which facilitated the observation 
of the temperature of appearance and disappearance of dew. The dewpoint was determined 
in exactly the same way as McBain and Salmon ‘loc.cit.}) did. ‘he vapour pressure 
of the saturated vapour at the dewpoiut at the temperature of thermostat was found out 
{rom Internatonal Critical Tables. 

From the above observations the latent heat of evaporation has been calculated by 
using the integrated form of the equation (1) between two specific temperatures. 


TABLE I 
No Substance. Conc. per 100 Temp. range. Le c 
g- of water. (cal./g. mol.) 
I NH,Cl 41.4 35-45° 10,650 8.9927 
2 NH,NO; 250.0 35°45° 10,210 8.4753 
3 NH,Br 95-1 35°45° 9,910 38.5804 
4 KCI 32-5 20-30° 10,000 8.5701 
5 KBr 70.6 30-40° 10,370 8.8532 
6 KI 156.0 30-40° 10,310 8.7252 
7 KCNS 265.1 30-40° 10,483 8.6886 
8 Urea 166.6 35-45° 10,530 8.8351 
9 Resorcinol 2250 30-40° 11,145 9-2918 
10 Tartaric acid 185.9 35°45° 11,610 9.5361 
II NaNO; 949 35-45° 11,170 9.2100 
12 CH,;,COONa 136.0 35-45° 12,590 10.2528 


DISCUSSION 


From the results given above, vapour pressure-temperature and log vapour 
pressure (1/T) curves have been drawn. It is revealed from the graphs, that no abrupt 
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change in the vapour pressure-temperature curve occurs as the supersaturated region is 
approached. This further confirms the deductions based on the study of viscosity, freez- 
ing point and electrical conductivity data. With only one or two exceptions, the curve 
(log —1/T) isa straight line. Hence, it appears that Clausius-Clapeyron equation is 
fairly applicable to these systems. The apparent anomaly in the case of sodium acetate 
may be due to its tendency to form several hydrates. Similar sort of behaviour is exhibi- 
ted in (logy—1/T) curves (Ram Gopal, Ph. D. thesis, 1946, Lucknow University). 

In Table I the latent heats of evaporation from solutions and the constant C have 
been calculated. The value of the constant C is almost the same in every case. ‘The 
values of the latent heat of evaporation can be divided in two categories : 

(a) Above 10,450 cal./g. mol. {b) Below 10,450 cal./g. moi. 

Substances of category (a) show a marked tendency of forming solvates. Greater 
solvation will require greater shearing stress, and hence latent heat of evaporation will 
be greater than that in other cases. This tendency of forming hydrates is responsible for 
the departure from linearity in the above case. Thus, the departure is most marked 
in the case of sodium acetate, which has the highest tendency of forming solvates and 
consequently the highest latent heat of evaporation should be observed in this case. The 
lower values in category (b) may be due to depolymerisatiox of water molecules. 

CHEMICAL LABORATORIES, 
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THE RATE OF CRYSTAL GROWTH IN SUPERSATURATED SOLUTIONS. 
PART I 


By A. C. CHATTERJI AND R. P. RastToGi 


The rate of crystal growth in supersaturated aqueous solutions of four substances have been 
measured at different temperatures. It is found that there exists a temperature at which the rate of 


growth is maximum. 

The rate of crystal growth in melts has been studied by Tamman and his co-workers 
in detail ‘Tamman, “ Kristallisieren und Schmelzen’’, p. 131). Walton and his co- 
workers have studied the speed of crystallisation of water and the effect of dissolved 
substances on this speed (Walton and Brann, J. Amer. Chem. Soc., 1916, 88, 317; 
1918, 40, 1168). It has been observed by these workers that for under-cooled melts, 
the rate of crystal growth increases with the degree of supercooling until at a certain 
temperature it reaches a maximum. On cooling further, the rate of crystal growth again 
decreases. It appears from a survey of literature that very little work has been done 
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Dre ae 


on the growth of crystal from supersaturated solutions (‘‘ Crystal Growth’’, Teme: 
Faraday Soc., April, 1949, p. 62). Hence the following work has been undertaken. 


ExPERIMENTAL 


Experimental procedure was similar to that adopted by Walton and co-workers 
(loc. cit.). A pyrex tube, one metre in length, closed at one end, was enclosed in a 
glass jacket, through which water at a desired temperature could be passed by means 
of Davies constant-temperature-water-supplier. The temperature of inflowing water 
was recorded by two thermometers placed 20 cm. apart. The mean of the two 
temperatures, which did not differ by more than half a degree, was taken to be the 
temperature of the jacket. The inner tube contained the supersaturated solution of 
the substance to be investigated. Crystallisation was induced by freshly prepared seed 
crystals. As soon as crystallisation started, the tine taken by the crystal boundary to 
traverse a known distance was noted. The v.iucs were found to be repeatable. The 
- rate of growth was determined at various temperatures. Ice-cold water was circulated 
for producing temperatures below the room temperature, 


TABLE J 


Ts, the saturation temperature in all cases was 40° ; only in the case of 
NH,NO, it was 45°. 


7. Rate of crystal growth (in cm./min.) of 
Na-acetate. K-acetate. Am. nitrate K-nitrate. 

40.0° on eee 0.7 

38.0° ove eee 1.9 

37:0° 0.7 see 3-4 
35.0° 1.3 eee ove 0.5 
'34.0° was ane 4.1 0.8 
32-5° 2-3 vee 100” 1.0* 
31.0° 1.2 “ am 
30.0° 3-3 

27.5° 4.0 2.5 

25.0° 4-7 3-2 ang 
22.5° 4:7 - 
20.0° 4.8 5-7 
17-5" 49 60 ow 

15.0° 5.2 

13.5° oe 6.0 

8 0° 3-9 6.1 = 

4.0° 3-6 5-7 


* Spontaneous crystallisation occurred. 
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DISCUSSION 


From the results given iu the above table, it can be easily seen that the rate of 
crystal growth passes through a maximum only in the case of sodium and potassium 
acetates, substances which produce highly supersaturated solutions, whereas in the case of 
potassium nitrate and ammonium nitrate, there appears to be no maximum in the speed 
of crystallisation. This may probably be due to the fact that the supersaturated solutions 
of sodium and potassium acetates are comparatively stable while the supersaturated 
solution of ammonium nitrate and potassium nitrate are unstable. Former solutions can 
be considerably under-cooled before spontaneous crystallisation can take place. While 
in the latter, spontaneous crystallisation occurs before the temperature of maximum 
rate of growth is reached. Increase in the rate of crystal growth has been observed in 
the case of KNO, and NH,NO, with the supercooling. This confirms that 
these solutions were tending towards the region of maximum rate but spontaneous 
crystallisation occurred before the reziou was reached. Hence the maximum rate 
could not be observed in this case. 
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A NOTE ON-THE FREE ENERGY OF NUCLEATION AND LIMIT OF 
SUPERSATURATION 


By A. C. CHATTERJI AND R. P. RAstToci 


Experimentally observed supersaturation limits have been used in the case of solutions and super- 
cooling limits in the case of melts to calculate the free energy barrier of nucleus formation, which is 
ultimately respcnsible for the release of supersaturation. It is found that both in case of solution as 
well as in melts, the maximum free energy is of the same order, é. ¢., 10° cal. per g. mol. 


The relation between the tendency of spontaneous crystallisation, as measured by 
T,;—T, and the heat of solution of a particular solute has been discussed in various 
papers published by Chatterji and co-workers (this Journal, 10943, 20, 183; 1044, 24, 
103 ; 1949, 26, 94). Itisintended in the present communication to examine the same 
problem from the viewpoint of free energy barrier of nucleation. 

The maximum energy of nucleation is given by the following relation of Kauzmann 
(Chem. Rev., 1948, 48, 253) 


; = 320° Tm_ . 
F max H® (75) eee om” 425 


where H = heat of fusion per c.c., Tm = melting point and o is the interfacial 
tension at the crystal-liquid interface. 

A similar expression can be obtained for supersaturated solutions by proceeding 
in a similar manner. Suppose that a cubical crystallite is suspended in the solution 


pbase. Let its volume be V and therefore its surface area becomes ove, Let us also 
suppose, 

H.= heat of solution per c.c. 

S. = entropy of crystallisation/c.c. 

Ts = saturation temperature 

o@ = interfacial tension. 

The free energy of crystallite at any temperature T (T < T.) is given by the follow- 
ing equation, 
F= (TSe—Ho)V +608 


H. 


5S.* =. 
Ts 


/ 


F = (52) H.V +6cVi 
r. 
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The above function passes through a maximum value as V is increased. In order 
to find out the maximum value of F, the function is differentiated with respect to V. 
Thus we have, 


dF T _ Ts \ pas 
=| — ot+6.40V 3 a on 
av ( 1 | H + 6.40 (4) 
For the function to be maximum, 
as 
dV 
(art) Hem er 
6 Tt \ 
, o* . 
Hence, V= a (a5) 
Therefore, free energy is maximum when V has the above value. 


Now, substituting the value of V in (2), we have 


r 2 
i ae, (25) ‘as . (6) 


Since the data for the heat of solution of non-electrolytes in non-aqueous solvents are 


rare, we have to make use of the heat of fusion. In ideal cases the heat of fusion is 
equal to the heat of solution. But systems of non-electrolytes are usually non-ideal, the 
factor fLs is put equal to heat of solution where ‘f’ is an empirical factor suggested by 
Mortimer (J. Amer. Chem. Soc., 1922, 44, 1416; 1923, 45, 633) depending upon the 
relative internal pressure of the solvent and solute. Hence, substituting fl; for heat of 


solution, we obtain 


2 
F = 320° £ Ts ) 
max PLP \T,-T 


where L:= heat of fusion per c.c. There is justification for introducing ‘f’ since 
the observed values of limits of supersaturation and the values calculated by taking into 
account the factor, are almost identical (cf. this Journal, 1949, 26, 283). 


The equations (1). and (7) have been used by us for calculating the maximum 
energy required in forming the nucleus at the temperature of spontaneous crystallisation. 
In the case of supersaturated solutions, the values of T;—T as experimentally observed 
by Chatterji and Bose (this Journal, 1949, 26, 94) have been used in equation (7), whereas 
for melts the values of T; —T have been experimentally determined by a method similar 
to that used by Chatterji and co-workers for supersaturation (loc. cit.). Only it has 
been assumed that the surface tension at the solid-liquid interface is equal to the surface 
tension of melts. ‘This assumption has been used by Chatterji and co-workers (loc. cit.) 
in calculating the radius of stable crystal nucleus, but since the values of ‘r’ are in 
agreement with the values determined by other independent methods, the assumption 


is not unjustified. 
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TABLE I 


Fax for supersaturated solutions of solid non-electrolytes in non-aqueous solvents at 30°. 


Solute. Solvent. Ts—T.* H,(cal./g.mol.)¢ ¢.+ f-t Fmux-/g. mol 


Naphthalene Aniline 9.0 4557 
Methy] alcohol 4.2 * 3-35 


4goergs 1 46 1.31 X18 


1.23 X 10° 


Ethyl alcohol 4-5 2.90 1.44 108 


Acetic acid , 1.95 2.04 X 10° 


Hexane 1.80 1.34 X 108 


n-Buty] alcohol 1.46 x 108 


n-Propy] alcoho! 3-14 x 108 


Nitrobenzene 3.82 x x08 


Toluene 6 26x 10° 


Chlorobenzene 6.81 x 10° 


p-Dibromobenzene Benzene 7.64108 


Bromobenzene 9.0 1.44 X 108 


m-Dinitrobenzene Bromobenzene 23.0 3.18 X 108 


Benzene 10.5 52 5.21 X 108 


Anthracene Benzene 8.0 6639 40 1.30 X 108 


Benzoic acid Benzene 8.0 4132 % 1.31 » 1.99 107 


*The values of Ts —T have been taken frum the paper of Chatterji and Bose (loc. cit.) 
+ The values of heat of fusion and surface tension have heen taken from International Critical Tables. 
t For internal pressures see Glasstone (‘‘Recent Advances in General Chemistry”, 1936, p. 265) ; 
also Mortimer (J. Amer. Chem. Soc., 1923, 45, 633). 


The values of Fmsx calculated for a large number of systems are of the order 
10° cal./g. mol. both in the melts and supersaturated solutions. In spite of the fact 
that Fmex involves the crbes and the squares of various factors, the values are of the 
same order. However, it does not imply that crystallisation must necessarily occur 
when Fmax is crossed, since other factors are also involved in crystal nuclei formation. 
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ACETYLATION OF CELLULOSE AND LIGNIN IN JUTE FIBRE 
By H. J. CALLoW 


Jute fibre has been acetylated with acetic anhydride in the presence of acetic acid and potass- 
ium acetate, and acetylated cellulose as well as acetylated lignin isolated from the treated fibre. 
The degrees of acetylation of these components indicate that whereas the lignin became fully 
acetylated in a relatively short time, e.g. after boiling for 2 hours, the rate of acetylation of the 
cellulose was very much slower and was not complete after 48 hours under the conditions used. 
After a treatment lasting for 48 hours, the isolated lignin has a higher acetic acid content and a 
lower methoxyl content than that normally associated with lignin, and it is suggested that this 
increase in acetic acid content takes place at the expense of methoxyl groups. There are indications 
that polyuronide hemicelluloses are removed from the fibre during acetylation. 


The treatment of jute with certain alkylating and acylating agents has 
been shown by Callow and Speakman (/. Soc. Dyers = Col., 1949, 65, 758) to 
retard, or even inhibit, the discoloration which that fibre, like most lignocellu- 
loses, undergoes on exposure to light. Partial acetylation seems to be particular- 
ly effective in this respect for, when the acetyl content of the fibre is raised 
sufficiently, it will undergo photochemical bleaching instead of discoloration as 
is the case with non-acetylated fibre. The suggestion has been made by Callow 


( Nature, 1947, 159, 309) that this bleaching is due to a bleaching agent, possibly 
acetyl peroxide, formed from the acetylated jute by the action of light. If this 
view is correct then the question arises as to which component of acetylated 
jute carries the labile acetyl groups from which a peroxide of this type is formed 
on exposure to light. Formation of such an agent might be expected to arise 
from degradation of either the acetylated cellulose or the acetylated lignin. 
Both are capable, in the isolated states, of forming acetyl derivatives and some 
evidence is available that, when a lignocellulose is treated with an acetylating 
mixture, both the cellulose and the lignin form acetyl derivatives. Fuchs ( Zer., 
1928, 61B, 948), for example, was able to demonstrate the presence of acetylated 
cellulose and acetylated lignin in pine wood which had been treated with acetic 
anhydride in the presence of sulphuric acid. There are indications that these 
acetylated components exist in jute which has been treated with an acetylating 
agent. In this connection, Saha (Proc. Nat. Jnst. Sct. /ndia, 1947, 13, 339) 
has pointed out that the difference in the nature of X-ray diffraction patterns 
of acetylated ramie and jute fibres is due to the high percentage of lignin in raw 
jute and because of the co-existence of lignin acetate and cellulose acetate in 
acetylated jute, the crystal structure is different from that of pure cellulose 
acetate. 

Apart, however, from establishing that both cellulose and lignin can be 
acetylated zm szfu, little or no information appears to be available as to the 
extent of acetylation of either components, especially during acetylation of raw 
jute. Saha (loc. cz/.), for example, records the acetic acid content of the fibre 


1 
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itself after acetylation and assumes, in later calculations, that this, or at least 
the greater part of it, is attached to cellulose. 


In view of this paucity of information, the present work was carried out 
in an attempt to assess the extent to which cellulose and lignin became acetyl- 
ated during treatment of raw jute fibre. 


After acetylation, the fibre was fractionated into acetylated cellulose, 
prepared by the Cross and Bevan technique and acetylated lignin, isolated by 
means of acetic acid. Acetic acid contents of the acetylated fibre as well as 
those of the isolated fractions have been determined. 


EXPERIMENTAL 


Raw jute fibre, of commercial grade, was used in these experiments and 
was freed from oils and waxes by extracting it with an alcohol-benzene mixture 
(1:2 viv), washing in alcohol to remove the benzene, then in water and finally 
drying in air. 

Acetylation—As it was intended that the fibres, even after acetylation, 
should retain their fibrous form and yet attain a fairly high acetyl content, the 
method of fibrous acetylation described by Hess and Trogus (7. phystkal. Chem. 
1932, 15B, 157) was employed. Separate samples of air-dry fibre, each of 5 g., 
(moisture determined separately) were introduced into a flask containing 50 g. 
of glacial acetic acid, 200g. of acetic anhydride and 60 g. of potassium acetate 
and refluxed for the required times. From the data provided by Saha (Joe. ctt.) 
it appeared that times of reflux of 2, 17 and 48 hours would be sufficient to give 
three stages of acetylation, and these times were therefore used. After treat- 
ment, the fibre was washed thoroughly in water and again dried in air. 


Analysis of the Treated Samples.—After weighing and removing samples 
for determining moisture contents, changes in weight and acetic acid contents, 
the remainder was divided into two portions to be used for isolating a cellulose 
fraction and for isolation of lignin. 


Determination of Acctic Actd Content—This was carried out by adding 
1.0N caustic soda solution (25 ml.) to about 0.4 g. of fibre which had been cut 
into short lengths, allowing to stand for 18 hours at room temperature, acidifying 
with 2.0N sulphuric acid (25 ml.) and steam distilling. Approximately 400 ml. 
of the distillate was collected and titrated against 0.1. caustic soda solution. 


Tsolation of Cellulose-—There are a number of reterences in the literature 
to the means of isolating acetylated cellulose from a lignocellulosic material 
which has first been acetylated. Fuchs (Joc. czt.), for example, points out that 
when fully acetylated pine wood is extracted alternatively with chlorine and 
sodium bisulphite, as in the Cross and Bevan procedure, a residue of acetylated 
cellulose is obtained, and although the acetyl content may vary slightly in 
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different experiments, it is always very close to that of a cellulose triacetate. 
Suida and Titsch (er., 1928, 61B, 1599) carried out a similar extraction on 
acetylated birch wood. Their results agree with those of Fuchs (doc. cz¢.) in that 
there is little loss of acetyl groups providing that the solutions are non-alkaline. 
Because of these observations, it was proposed to isolate a cellulose fraction 
from acetylated jute by the Cross and Bevan method, making sure that the 
reagents were as neutral as possible, as for example, by extracting the chlorin- 
ated jute with a neutralised solution of sodium sulphite. The fibre (15 to 2 g.) 
was cut into small pieces, wetted-out with water and exposed alternately to 
chlorine gas (200 bubbles per min. for 15 mins.) and extracted with neutralised 
sodium sulphite solution (100 ml., 1%) on-a boiling water-bath for 10 minutes. 
Treatment with chlorine and sodium sulphite was continued until no colour 
developed on adding the sulphite to the chlorinated sample. The product was 
finally filtered through a sintered glass crucible (porosity 1), washed with water 
and dried over phosphorus pentoxide 7” vacuo. 


Extraction of Lignin—In order to tetain the acetyl groups attached to 
lignin, extraction was carried out along the lines recommended by Suida and 
Titsch (loc. cit.). In this, about 3 g. of the air-dry fibre was refluxed for 2 
hours with glacial acetic acid (75 ml.) containing 0.25% (v/v) of concentrated 
hydrochloric acid, filtered through a crucible of porosity 1 and the fibre washed 
twice with glacial acetic acid using 25 ml. for each washing. The filtrate and 
the washings were concentrated under reduced pressure to about 25 ml. and the 
concentrate poured into 300 ml. of water with mechanical stirring. The mixture 
was boiled for 5 minutes to coagulate the precipitate which was filtered on a 
sintered crucible of potosity 4, washed with water and dried over phosphorus 
pentoxide zm vacuo. 


Acetic acid contents of the isolated cellulose and isolated lignin were 
determined as for the fibre using about 0.3 g. of isolated cellulose and about 
0.1 g. of isolated lignin in each case. 


Methoxyl Content of Isolated Lignin.—Methoxyl values of the isolated 
lignins were estimated after saponifying them with 1.0 caustic soda solution 
and reprecipitating with an excess of 10.N hydrochloric acid. The methoxyl 
contents were determined by a modification of the Ziesel method, described by 
Viebéck and Brecher (Aer., 1930, 63, 3207) and which consisted of oxidising 
the methyl iodide, evolved on distillation with hydriodic acid in the presence 
of phenol, with bromine and determining the amount of iodic acid so formed. 


Discussion 
Acetylation of /Jute—Data relating to increases in weight and acetic acid 
contents of the treated fibre are shown in Table I. 


Though the method of acetylation is similar, though not identical, to 
that used by Saha (Joc. cit.), it is noted that the degrees of acetylation differ 
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considerably in the two cases. The acetic acid content of these samples, for 
example, is considerably higher after 2 hours’ treatment and appreciably lower 


TABLE I 


Acetylation of jute fibre. 


Time. Weight ¢ sample % Gain in weight. % Acetic acid. 
used. 
0 4.592 g. om 3.83 
2 hrs. 4.601 20.3 28.9 
17 4.571 24.5 32.3 
48 4.612 31.5 38.3 


at treatments of 17 and 48 hours. While the difference in techniques employed, 
in that in Saha’s experiment there was a progressive increase in liquid to fibre 
ratio, would probably account for a higher degree of acetylation in the later 
stages, no explanation can be offered for the greater acetylation in 2 hours 
during the present work. 

Tsolation of Cellulose —Delignification of jute and isolation of the Cross and 
Bevan cellulose from it, have been shown by Callow (Va/ure, 1950, 166, 1040) 
to be more difficult from partly acetylated jute than from the raw fibre in that 
many more treatments are necessary. A similar difficulty was experienced 
during this work, for while cellulose could be isolated from raw jute after three 
chlorinations and extractions with neutralised sulphite, the acetylated samples 
required many more and even after ten successive treatments with chlorine and 
sulphite solution, an absolutely pure-white pulp could not be obtained from the 
most highly acetylated sample. The colour reactions associated with lignin 
after chlorination and addition of sulphite are also less characteristic in the 
case of the acetylated material. Unlike the non-acetylated sample, in which 
an intense red colour develops in the cold immediately on adding sulphite to 
the chlorinated lignin, the solution containing an acetylated sample must be 
warmed, or even boiled, before any colour develops. Because of this, it is more 
difficult to assess the point when delignification of acetylated jute is complete 
but, as far as can be ascertained, the isolated celluloses are free from lignin. 
The yields and acetic acid contents are shown in Table II. 


There are two points of interest in these results. In the first place, it is 
seen that the isolated cellulose fractions have acetic acid contents of 27.5%, 
31.9% and 37.0% after treatments with the acetvlating mixture lasting for 2, 17 
and 48 hours respectively. Since the acetic acid saturation value of cellulose is 
62.5%, these represent 44.0%, 51.0% and 59.2% of this saturation value respectively. 
In the second place, the percent yields of acetyl-free cellulose have been 
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TABLE II 


Tsolated cellulose form acetvlated jute. 


Time of acetylation. Yield of acetylated Acetic acid in Yield of cellulose 
cellulose. cellulose. (calc.) 
(a) (b) 
0 68.8% ae 68.8% 68.8% 
2 hrs. 82.7 27.5% 66.4 79.9 
17 82.9 31.9 62.9 78,3 
48 84.9 37.0 62.4 82.1 


(a) As percent of acetylated product. 
(b) As percent of original jute. 


calculated on an original jute basis and show that, after acetylation, higher 
values are obtained in each case. 


Though the chlorinating method of isolating cellulose, as in the Cross and 
Bevan technique, is known to give a non-homogeneous product consisting of 
true cellulose with associated pentosans, the method is more or less specific 
in that it removes lignin and polyuronide hemicelluloses. Assuming that these 
chlorinating reagents also remove lignin and polyuronides specifically from 
acetylated jute, it seems likely that because acetylated jute contains a higher 
percentage of structural celluloses, it probably contains a lower percentage of 
hemicelluloses of the polyuronide type. If this view is correct then it seems 
likely that removal of the latter from the fibre takes place during the process 
of acetylation. 


Isolation of Lignin.—As in the case of cellulose, noticeable differences 
occur when lignin is isolated from raw or from acetylated jute. Raw fibre, for 
example, on refluxing with a mixture of acetic and hydrochloric acids, as indeed 
with all mineral acids, rapidly assumes a pink colour. Acetylated jute does 
not do this, but remains light in colour and the extracted material, after washing 
with acetic acid, is lighter in colour than the original. 


TABLE III 


Isolation of lignin from acetylated jute. 


Time of Yield of acety- Acetic acid in Yield of lignin (calc.). Methoxyl content 
acetylation. lated lignin. lignin. of saponified 
lignin. 
(a) (b) 
0 9.00% 12.4% 8.20% 8.20% 17.9 
2 hrs. 7.49 33.7 5.68 6.83 17.9 
17 7.85 33.7 5.95 7.41 15.3 
48 8.45 38.5 6.12 8.05 9.77 


(a) As percent of acetylated product. 
(b) As percent of original jute. 
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In agreement with the work of Brauns and Buchanan ( /. Amer. Chem. 
Soc., 1945, 67, 645) on spruce wood, lignin isolated from raw fibre by acetic 
acid has an appreciably high acetic acid content. A similar observation with 
both spruce and birch lignin has led Bell and Wright ( Canadian /. Res., 1949, 
27B, 572) to conclude that lignin in both gymnosperms and angiosperms 
contains, 2m sifu, an «-hydroxy-8-methoxyzsobutyl group which is acetylated 
when the lignin is extracted with acetic acid. 


Lignin isolated from jute, which had been methylated for 2 and 17 houts, 
had the same acetic acid content of 33.7%. This figure is of the same order as 
that generally associated with lignin which has first been isolated and then 
acetylated. Acetic acid contents ranging from 31% to 32.5% have been recorded, 
for example, by Heuser and Ackerman (Ceilulose Chem., 1924, 5, 13) for 
Willstatter lignin isolated from spruce wood and then acetylated with acetic 
anhydride in the presence of nitric acid, or pyridine, or with acetyl chloride. 
Acetic acid and pyridine have also been used by Sarkar (this Journal, 1935, 12, 
547) for acetylating lignin isolated from jute. The acetic acid content reported 
by this author appears to depend on the method used for isolating the lignin, 
for figures ranging between 28.9% and 33.5% are quoted. 


Treatment of jute for 48 hours, before isolating the lignin, however, leads 
to a higher acetic acid content of the isolated lignin, the value being somewhat 
higher than that normally associated with lignin. A similar high value has 
previously been recorded by Heuser and Ackerman (/oc. cit.) in the case of 
isolated lignin, for when this is acetylated for a prolonged time, the acetyl 
content increases and the methoxyl content diminishes. A simiiar reaction 
appears to take place in the case of acetylated jute for when the methoxyl 
contents of the isolated lignins were determined after saponification with dilute 
caustic soda, the methoxyl content was found to be lowest for that sample 
which had been treated with the acetylating mixture fo: the longest time. 


It would appear from this that the lignin present in jute is completely 
acetylated after a short time of treatment. Prolonging the treatment leads to 
a higher acetyl content, but this takes place at the expense of the methoxy] 
groups which the lignin contains, probably by fission of these groups and acety- 
lation of the hydroxyl groups so formed. 


The author wishes to thank the Executive Committee of the Indian Jute 
Mills Association Research Institute, which sponsored this work. 
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SELF-GLAZED CORDIERITE BODIES 


By H. N. Das Gupta anp S. K. CHATTERJEE 


It has been found possible to prepare self-glazed cordierite bodies by incorporating suitable 
proportions of Gangetic silt with talcum. All the iron incidentally present as impurity is transferred 
to the surface layer and this produces different coloration, depending on compositions and on 
atmospheric condition. This segregation of iron compounds at the surface of the bodies appears 
to be analogous to metamorphic differentiation. A detailed study of the conditions governing 
this segregation has been made. The electrical and other properties of these bodies have been 
found to be in close agreement with those recorded for commercial bodies. 


The requisites for high frequency insulating materials are many and varied 
and these are not satisfied by porcelains, Witha view to meeting the diverse 
requirements, called for by the high frequency technique, it has not even been 
found feasible to single out a specific composition. This is precisely the reason 
why a group of high frequency ceramics have been developed within recent 
years. The composition, specified under individual group, cannot even be 
claimed as an ideal one. Each such composition is but a compromise, sacrifice 
having to be made in some direction -in order that perfection may be achieved 
in another. 


The primary ingredient for some of the above mentioned groups is talcum 
and these bodies were formerly designated as “steatite bodies” or ‘soap stone 
porcelain’ (Bose, “Modern Pottery Manufacture”, 1947, p. 225). At present, 
however, these improved bodies are preferably called after the crystals that 
predominate in their structure. In cordierite bodies the mineral ‘cordierite’, 
2MgO. 2Al,O3. 5SiO2, predominates and these bodies are eminently suitable 
for purposes where unusually low thermal coefficient of expansion, low dielec- 
tric constant and relatively low power factor are essential (Rosenthal, ‘Porce- 
lain and other Ceramic Insulating Materials”, 1944, Vol. I, p. 248). 


The cordierite bodies are prepared from talc and China clay, the propor- 
tion of the latter may be as high as 80 to 90{(Rosenthal, Joc. ctt.). Besides 
small addition of alumina, fluxes and zirconium oxide are frequently made for 
inducing increased production of cordierite crystals. 


If the surrounding atmosphere be of increasing humidity contents, the 
surface resistivity of a ceramic insulating material decreases. The surface 
resistance power of the same ware, under identical humid condition, can be 
increased by giving to it a coating of glaze. In addition to this, the applied glaze 
imparts increased tensile strength of the body (Rowland, Zlectr. Eng., 1936, 
No. 55, 618). In order to improve upon the electrical and other physical pro- 
perties of cordierite bodies, numerous futile attempts were made at developing 
a suitable glaze on them with a composition having an equally low thermal 
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expansion as the cordierite body. This, therefore, aroused interest to develop 
self-glazing cordierite bodies. A large number of experiments were made 
to find out a workable self-glazing composition. In all such attempts, 
China clay was replaced by ball clay and alumina, and incorporations of fluxes 
like feldspar, nepheline-syenite, zinc oxide, beryllium compounds and spodumene 
were aimed at. Some of these bodies were self-glazed at cone 14, but were 
unsuitable for mass production as the appearance of the finished articles were 
not very uniform (Rosenthal, /oc. cz/.). Besides, most of these bodies had too 
short a firing range for practical application. Although not beyond criticism, 
“the works of Thiess (7 Amer. Ceram. Scc., 1943, 26, 99) indicate a definite 
advance towards a satisfactory solution of this important problem. 


As pointed out earlier, the alumina needed for cordierite formation is 
supplied in the form of clay. The plasticity of the clay also aids in the forma- 
tion of bodies of complicated shapes. It was therefore considered useful to 
attempt at preparing a self-glazed cordierite body from tale and the plastic 
Gangetic silt. Rational analysis shows that this silt is a heterogeneous collection 
consisting of calcareous, ferruginous, siliceous and clayey materials (De, 
Chatterjee and Das Gupta, /, /ndian Chem. Soc. Ind. ~~ News Ed., 1948, 
11, 98). 

In the opinion of the present authors, the silt is considered to be an ideal 
substance. In the first place, it isa combination of fluxing material, colouring 
oxide and clay substance, and in addition, each is uniformly disseminated. 
- Secondly, the silt softens at 1150, and, as such, it is expected to get a fully 
vitrified product at a relatively low temperature. Results of experiments on 
Jaipur talc and silt show that it is possible to prepare self-glazed cordierite 
bodies with practically no porosity. The appearance of the article is also very 
uniform. Ordinarily, a difference of 80 to 100° between the softening and den- 
sification temperatures is considered safe for commercial production of these 
bodies. It has been found possible to reach the lower limit by adjusting the 
body compositions. Microscopic, electrical and other technical characteristics 
of the best samples have been studied and these are in close agreement with 


those recorded for good bodies. 

An interesting phenomenon of concentration of almost cent per cent 
intrinsic iron of the raw materials on the surface was revealed, when some of 
the best specimens were fractured. This tock place as a result of changed con- 
ditions of temperature, duration and setting of the bodies during firing. In fact, 
the glossiness of the body is due tothe deposition of this layer. Analysis 
shows that the main constituents of the coloured layer are ferric oxide and 
magnesia and, from percentage compositions, this appears to be magnesio-ferrite, 
MgO. FeoO3. Leaving aside the question of chemical nature of the coloured 
product, it is a fact that there has been segregation of iron compounds. At the 
initial stage the ferric iron was uniformly distributed throughout the entire mass 
of the body mixture. Combination must have taken place with magnesia at the 
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temperature of firing and the newly formed product must have diffused through 
the glassy matrix. 


This phenomenon appears to be analogous to metamorphic diffusion 
or more correctly to metamorphic differentiation. Conversely, it may be stated 
that a process, similar to the present one, may be operative in the production of 
metamorphic rocks. At elevated temperature the segregated product possesses 
also the peculiar property of distributing itself uniformly by migration over 
exposed surfaces. A detailed study of the conditions governing the segregation 
of iron-magnesium compound has been made, and this appears in the experi- 
mental portion. 


It appears: from the report of McCallier (Extract des Comptes rendus 
dela Sociéte Geologique de Finlande, No. 8, 1934) that Prof. Adams did observe 
similar phenomenon of migration of iron. Two bricks, one of dead-burned 
Austrian magnesite, low in lime, and the other of synthetic clinker from dolo- 
mitic magnesite and mill scale (largely Fe;04) were heated in a kiln for 60 
hours. At 1450°, the brick from the synthetic clinker bent and just touched the 
other one. At the contact zone the iron content rose from 8.3 to 17.2%. 


The expulsion of iron, in the form ot compounds, from the interior to the 
exterior surface appears to have immense potentialities in the practical field. 
Production of iron-free glass is one such. Experiments are being conducted 
with a view to taking full advantage of this phenomenon in glass founding 
practice. This will, however, form the subject matter for a separate communi- 
cation. 


Ex PERIMENTAL 


Table I shows the ultimate analyses of the two main ingredients used in 
the present investigation. For a comparative study, the average analytical 
figures for talc have also been included. 


TABLE I 
Substance. SiO.. Fe,O;. Al,Os. CaO. MgO. Alkalies. Loss. 
Talc 61.76% 0.10% 1.80% 2.06% 30.24% nas 4.08% 
Gangetic silt 61.73 5.89 17.42 3.86 2.10 1.71% 7.27 
Average values for 58.88 0.72 0.07 0 to 29.5 
talc (foreign) to to to 1.5 to 


61.3 4.65 2.0 32.3 


For every composition, the talc was previously calcined at a temperature 
of 1310° to convert it mostly into ‘clinoenstatite’. This was then mixed with the 


2 
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requisite quantity of Gangetic silt and the mixture was treated in a pot mill for 
48 hours. Trial pieces were pressed dry, either as blocks or as small slabs. Each 
was allowed to dry in air for 7 days and then fired in a coal-fired muffle 
furnace at 1320°. The maximum temperature was raised in course of 36 hours 
and then allowed to soak at that temperature for 10 hours. This was followed 
bya slow cooling process covering 48 hours. Table II shows the composition 
tried, including some containing China clay and other colouring oxides, and 
Table III gives information about hardness, porosity, specific gravity and fired 
colour of the products. No such data in respect of bodies 9 to 12 appear 
in the table as they are not satisfactory. 


TABLE II 


Sample No. 
§. 6. 7. 


Calcined tale (%) 70 66.5 60 
Gangetic silt (%) 30 33.5 40 
China clay (%) eae i ie web 

MnO, (%) 

CoO (%) 


TABLE III 


Sample Hardness Porosity. Specific gravity Appearance. 
a 


No. (Moh’s - 
scale) Apparent. True. 

1 41.19 2.70 2.68 J Brick red. 

2 3—4 32.79 2.64 2.90 Do 

3 27.88 2.50 2.82 . Do 
4 26.27 2.53 2.86 Do 
5 
6 





20.93 2.47 2.71 Do 
0.08 2.43 3.33 Dull deep chocolate 
brown. 
0.0003 2.42 3.36 2.42 Glossy, deep yellowish 
brown. 


Nil 2,40 3.44 2.43 Glossy,deep chocolate 
brown. 


Compositions (1) to (3) yielded products that were in a state of incipient 
vitrification. With increasing clay content the progress of vitrification, too, 
increased and, in this respect, best results were obtained from (7) and (8). A 
fully vitrified body like (7) or (8) does not show any sign of crazing if it be 
withdrawn rapidly from a temperature of 1320° and cooled suddenly to the 
toom temperature. ‘ach again, developed a glossy surface that was perfectly 
uniform. This may be claimed to be a definite progress in the line. 
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With a view to ascertaining the actual densification and softening temper- 
atures, specimens 7 and 8 were subjected to different temperatures for periods 
ranging between 24 and 28.5 hours. Table IV gives the results thus obtained. 























TABLE IV 


Density. Porosity. 
a po 
start. No. 7. No. 8. No. 7. 


Temp. Duration from 











1180° 24 hrs. 2.61 2.71 30.1 29.01 
1200° 24.5 2.80 2.88 24.2 22.26 
1220° 25 2.90 2.95 20.2 18.5 
1250° 26 2.96 3.06 &.9 6.6 
1280° 27 2.99 3.16 0.5 0.2 
1300° 27.5 3.30 3.38 0.006 0.0003 
1310° 28 3.36 3.45 0.005 Nil 
1330° 28.5 3.37 3.458 Nil Nil 
1360° 28 eee aa Deforms Deforms 





It is thus clear from Table IV that those bodies should be fired at 
1280°—1300° in order to reduce the porosity. 3 

Results of petrological examination reveal that each specimen (No. 7 & 8) 
is crystalline and finely granular, There is abundant white amorphous material 
in each specimen. In thin section and under high power (x 200), the granular 
colorless mineral is observed with a medium relief. It shows occasional sector 
twinning. Therefore, in all probability, the colorless granular mineral observed 
is cordierite, 


The fractured surface of each test sample has the appearance of those of 
normal insulator body (vzde supra) and the glossy layer is confined only to 
the surface. In order to verify, if the phenomenon of concentration of iron on 
the surface was of accidental nature, experiments were repeated under identical 
conditions. The internal walls of the muffle were given a coating of white- 
burning China clay. The fired samples showed the same phenomenon of con- 
centration of iron on the surface layer. This tendency towards diffusion of iron 
compound towards the surface is so very marked that if a fired piece be frac- 
tured and reheated at 1300°, the colorless fractured surface also becomes coated 
with the same glossy layer. Some portion of the deposited mass does, in fact, 
migrate towards the uncovered surface. 

_ A study of the distribution of iron between tbe skin layer and the main 
bulk of the body was made. The outer layer was very carefully scraped off by 
means of a lathe. This was then subjected to the influence of a strong magnet 
for removing any extraneous iron. Similarly, some portion from the central 
zone of the body was also separately removed. Table V shows the percentage 


of iron in each portion, 
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TABLE V 


Sample No, % Fe.03; of the fired body. Average % Fe,Osg in the 
, green body. 
Skin layer. Central zone. Average. 


7 80.32 0.71 2.26 2.52 
8 . 80.61 0.84 2.606 2.81 


It will appear from Table V that major portion of the iron is confined to 
the surface and the loss of iron due to volatilisation is more at the initial stage 
of firing. Re-firing practically doesnot cause further volatilisation of iron from 
the surface. This was tested by subjecting the fired sample again to successive 
heat treatment at 1300° for periods of 12 hours each. The only noticeable 
change was in regard to the colour of the surface layer—the reddish brown colour 
assumed a dark chocolate hue and the interior of the body, however, became 
whiter. Table VI shows the effect of further heat treatments on the fired 
bodies. 


TABLE VI 


% Fe,O; 
No. Twice fired Thrice 








Green body. Averge. Skin layer. Central Average. Skin layer. Central zone. 
zone. 


2.52 1.99 79.91 0.501 1.96 79.36 0.466 
2.81 2.34 80.23 0.594 2.31 80.02 0.55 


Tables V and VI show that the concentration of iron is maximum at the 
surface and the same is minimum near about the central zone. This suggests 
two-fold possibilities: Firstly, the concentration of iron should increase 
progressively on receding from the central zone, while the percentage of mag- 
nesia should increase in the opposite direction. Secondly, higher temperatures 
must favour increased diffusion of iron, For testing the validity of these deduc- 
tions, samples were simply heated to different temperatures during 24 hours 
and the iron content of each layer was determined. Table VII embraces such 
results. 

TABLE VII 


Temp. ae % FeO, 


A. 


Central part. Average. Skin. Central part. 


2.301 2.313 2.61 2.63 
2.30 2.301 2.606 261 
2.304 2.30 2.59 2.57 
2.28 2.28 2.52 2.505 
1.08 2.28 35.40 1.42 
2.23 80.1 0.59 
0.60 2.20 80.78 0.56 
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From a reference to Table IV it is apparent that the vitrification of 
the bodies (No. 7 & 8) starts at 1280°. The concentration of iron on the 
skin layer changes suddenly at the same temperature. Vitrification therefore 
has perhaps something to do in this respect. In fact, white patches 
have been observed on the surface of fracture of samples withdrawn after 
shorter period of exposure at 1280°. 


A study of the effect of increased duration: at various temperatures on 
migration of iron was also made. It transpries that by prolonging the duration, 
no useful purpose is served unless, however, the temperature be in the 
vicinity of that favourable for vitrification. The results obtained have been 
included in Table VIII. It may be pointed out that for raising the bodies 
to a particular temperature, a period of 24 hours was allowed in each case and 
the period of soaking was varied. 


TABLE VIII 


% Fe,O3. 


No. 7 No. 8 








—— 


Skin. Central part. Average. Skin. Central part. Average. 


2.27 2.266 2.26 2.60 2.58 2.60 

2.30 2.20 2.24 2.64 2.55 2.588 

2.60 2.02 2.216 2.78 2.32 2.49 
33,3 1.11 2.22 34.60 1.502 2.46 


2.40 2.16 2.26 2.50 2.45 2.46 
30.26 1.16 2.24 32.20 1.53 2.43 
36.28 1.03 2.21 38.70 1.42 2.39 
80.9 0.702 2.16 80.76 0.61 2.33 


35.2 1.06 2.37 36.6 1.46 2.41 
24 80 08 0.604 2.202 80.3 0.602 2.34 
36 80.01 0.563 2.19 80.8 0.54 2.31 


Results in Table VIII confirm our previous contention in respect of the 
effect of temperature on the concentration of iron at the surface. Higher the 
temperature, the more is the rate of diffusion. 

Complete analyses of the three distinct layers, viz,, (a) glazed surface, 
(4) layer just after the glaze and (c) central zone, have been incorporated in 
Table IX. It may be pointed out that it was not possible to isolate the glazed 
layer absolutely free from the adjacent portion. 


TaBLeE IX 


Portion analysed. SiO,. Fe,QOs. Al,O,. CaO. 


Glazed layer 0.54% 80.06% 0.36% Trace 
Layer adjacent to glaze 65.01 1,03 8.04 2.50% 
Central layer 65.2 0.63 8.06 * 2.48 


Glazed layer 0.43 80.09 0.32 Trace 
Layer adjacent to glaze 66.42 1.01 8.50 2.71 
Central layer 66.50 
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It has not been found feasible to make a microscopic study of the glaze 
layer with a view to forming an idea about the precise nature of the compound 
formed. Results of chemical analysis, however, lend strong support in favour of 
magnesio-ferrite, MgO.FegQOs, being formed. 


The electrical characteristics of the bodies (7 & 8) have been included in 
Table X. 


TABLE X 
Characteristics tested. No. 7 No. 8 Remarks. 
1. (a) volume resistivity 3x10‘ ohms/cm® 3.6 x 10* (1) During this determination 
at 700° (200 volts—60 cycles). ( ohms’ percm®) a guard ring was used to elimin- 
ate surface current, thus allowing 
true volume resistivity to 
obtained. 
(b). Do at 80°F >1x10'* >1x10'¢ 
2. Dielectric constant (at (2) Thickness of each test 
80°F) specimen was 1/4”. 
60 cycles/sec. 7.8 &.8 
1,000 K. V./sec. 7.4 8.1 
3. (a) Dielectric strength, (3) The test discs were 3” 
(60 cycles, test discs 1/4” diam. and 1/4” thick. They were 
thick). 166 volts per 136 volts per immersed in oil at 80°F. Voltage 
mil. mil. at 60 cycles/sec. was increased 
from zero at the rate of 10 
K.V./sec. until breakdown occur- 
ed. 
(b). For test discs 6” x 6” x 
1/8” thick 181 volts per 151 volts per 
mil, mil, 


Thus the electrical and other physical characteristics of the bodies (7 & 
8) are, in general, in close agreement with those recorded by other investigators. 
Production of these bodies on a semi-commercial scale did not present any 
defect like non-uniformity of coloration. 


Grateful thanks of the authors are due to Dr. M. S. Sadashiaiah of 
the Geology Department, I.S.M. & A. G, Dhanbad, for carrying out the 
petrological tests. 
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ON MIXTURES CONTAINING A WEAK AND A STRONG 
ACID IN AQUEOUS SOLUTION 


By HussEIN SADEK 


The transport number of the chloride ion in mixtures containing weak acids and hydrochloric 
acid is found to be greater than in pure hydrochloric acid solution. The experiments also show the 
complete suppression of the weak acid. An increase in the hydrogen-ion activity was observed in 
these acid mixtures. Perchloric acid mixtures did not behave in anexactly analogous manner. 
The chloride-ion activity was smaller than that of hydrochloric acid alone. The observed results 
are explained on the assumption of changes in the homogeneity of the solution due to aggregation 
of water molecules around the suppressed weak acid. 


Chemical combination between acids in dilute aqueous solution could be 
exemplified by the well known class of heteropoly acids. However, interaction 
between acids in aqueous solutions ceases in most cases at the stage of the 
suppression of ionisation of the weak acid. Thus, Meyer and Pauletta (Zer., 
1927, 60, 551) examined the interaction between phosphoric acid on the one 
hand and hydrochloric or sulphuric acid on the other. They found that although 
the measured specific conductances were smaller than the additive values, yet 
they were not smaller than those of the strong acid alone. Kendall and Andrews 
(J. Amer. Chem. Soc., 1921, 43, 1545) studied the solubility of weak acids in 
aqueous solutions of strong acids. They showed that a weak acid can behave 
as a ‘base’ in the presence of a strong acid, the stability of the resulting “salt” 
being dependent upon the difference in their acid strength. However, Cranston 
and Duncan (/. Roy. Tech. Coll., 1927, 4, 41) made a study of the changes in fu 
and electrical conductance accompanying the replacement of water in hydro- 
chloric acid solutions by acetic, citric, tartaric and phosphoric acids. They 
noticed that with the increase in the concentration of the weak acid, the specific 
conductance decreased, but the hydrogen-ion concentration increased. This 
investigation was extended by Cranston and Brown (zdzd., 1936, 13, 569) who 
noticed a decrease in /u accompanied by a decrease in the specific conductance 
in phosphoric-hydrochloric acid solutions. They attribute this behaviour to 
the fact that the hydrogen electrode can respond in aqueous solutions to any 

-ions in which protons are loosely held. The equilibrium conditions for the 
reaction between phosphoric and hydrofluoric acid in aqueous solution were 
studied by Lunge (Z. anorg. Chem., 1932, 214, 44). The reaction was represent- 
ed by the following equation : 


HsPO,+HF 2 H2PO3F+H20O 
The equilibrium was shifted to the right by the addition of strong acids, which 
brought a dehydrating effect. 
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In the present investigation aqueous solutions of the weak acids, phosphoric, 
arsenic, acetic and boric acids, were mixed with hydrochloric or perchloric acid. 
If suppression of ionisation of the weak acid takes place with the formation of an 
ion-pair, the question which presents itself is whether complex formation between 
the two acids is due to triple-ion formation in Fuoss’ sense. If no compound form- 
ation is favoured in these solutions because of the high tendency of the proton 
to combine with water molecules, one would expect changes in the activities 
of the free ions brought about by the presence of the suppressed weak acid. 
However, as will be seen later, triple-ion formation does not occur and that the 
weak acid behaves as a non-electrolyte. 


EXPERIMENTAL 


Dilute solutions of hydrochloric acid were prepared by diluting by 
weight the constant boiling acid. A stock of exactly 104 solution was 
prepared and its strength was adjusted by standardisation against pure 
anhydrous sodium carbonate and checked gravimetrically as silver chloride. 


Perchloric acid solutions were obtained by diluting a 60% A. R. sample 
with conductivity water. The solutions were standardised against standard 
carbonate-free sodium hydroxide solution. Phosnhoric acid solution was 
prepared by dissolving a pure sample of phosphorus pentoxide in conducti- 
vity water. The strength of the solution was determined gravimetrically 
as magnesiuin pyrophosphate 


Arsenic acid solution was obtaind by dissolving crystals having the 
composition As O,. 4H2O in conductivity water. These crystals were obtained 
by the repeated digestion of pure arsenic trioxide with nitric acid on a 
water-bath. By dissolving the mass in water and evaporating, white 
crystalline solid was formed which was recrystallised from conductivity 
water. The solution of arsenic acid was standardised gravimetrically as 
magnesium pyro-arsenate. 


Acetic acid solution was obtained from pure glacial acetic acid. The 
solution was standardised by titration against standard sodium hydroxide 
solution. Boric acid solution was obtainnd by dissolving the necessary 
weight of the A.R. sample in conductivity water to give a stock of 10 NV 
solution. Conductivity water used in these experiments had a specific 
conductance of 1.5x10-° mhos. 


Transport Number.—An apparatus similar to that of Lottermoser and 
Fritsche (Kolloid Z. 1937, 80, 166) was used. It had a uniform bore 
of 15 cm. and was provided with a large stop-cock having the same 
bore separating the anode from the middle compartment. A lightly amal- 








—_-_.- *, = se &F Se SO O-s hlUr- 














ON MIXTURES CONTAINING A WEAK AND A STRONG ACID 621 


gamated cadmium rod served as the anode ; as cathode, mercury covered with 
a half saturated solution of cadmium nitrate was used. The current was 
measured by a silver coulometer containing 20% silver nitrate swlution. 
The apparatus was checked by carrying out experiments on a 0.05N-KCI; 
the average value of 0.498 was obtained for the transport number of the 
K* ion, which is in close agreement with the accepted value of McInnes 
and Dole (7, Amer. Chem. Soc., 1931, 53, 1357). 


Potentiometric Measurements—The fu value of the solutions was 
measured by means of the quinhydrone electrode with a saturated calomel 
electrode as the reference electrode. A saturated KCl-agar bridge was 
used to eliminate liquid junction potentials. The potential of the cells 
attained an equilibrium value at 25° after 5 to 15 minutes, and were 
reproducible to less than one millivolt. The f: measurements were made 
by a silver-silyer chloride electrode prepared according to the directions 
of McInnes and Parker ( 7. Amer. Chem. Sor., 1915, 37. 1445). The elec- 
trodes were tested before use in solutions of hydrochloric acid of known 
activities. The reference electrode was a saturated calomel electrode connec- 
ted to the cell by an ammonium nitrate-agar bridge. 


The solutions examined were always 0. 24N with respect to the weak 
acid and 0.08N, 0.12N,0.24N, 0.48N and 0.72N with respect to the strong 
acid. For reference these solutions will be designated by the ratio of the 
weak acid to the strong acid in a given solution. 


DIsScUSSION 


Transport Number—Measurements on mixtures of phosphoric with either 
hydrochloric or perchloric acid were carried out as a guide to detect 
the nature of the ionic species in solution. These mixtures were chosen 
because of the readiness with which the change in concentration in the 
electrode compartments could be made by gravimetric methods. Table I 
shows the results of experiments with phosphoric and hydrochloric acids 
in the ratios 1:2 and 1:3. They represent the average value for a set 
of five experiments on each ratio. Similar results were obtained with 
phosphoric and perchloric acid mixtures in the same ratios. These experi- 
ments indicate that phosphoric acid does not move in the electric current, 
thus behaving as a non-electrolyte. They also indicate that phosphoric 
acid in aqueous solution cannot behave as a “base”, and thus triple-ion 
formation cannot be favoured in such aqueous solutions. However, in 
non-aqueous solutions (unpublished data by the author) where the solvent 
can act as a weak base as compared to water, triple-ion formation was 
found to occur. It is to be noticed that the transport number of the 
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Cl-ion has increased considerably in these aqueous acid mixtures over 
that in pure hydrochloric acid solution. 


TABLE I 


Transport number experiments on phosphoric-hydrochloric 


actd system at 25°. 


1:2 Ratio 1:3 
10 volts 20 volts 
70 m.amps. 100 m.amps. 
Original solution. 
Wt. of 20 c.c. of solution 20.1206 g. 20:2982 g. 
HCI in 20 c.c. 0.2458 0.5430 
H;POQ, in 20 c.c. 0.1594 0.1575 
Mg,Ps30O? per 20 c.c. 0.1790 0.1788 
H,O in 20 c.c. 19.615 19.598 
Anode solution. 
Wt. of anode solution 61.74. g. 83.68 g. 
20 c.c. anode solution 20.140 20.303 
HCI in anode solution 0.997 2.225 
HsPO, in ,, ee (.489 0.649 
CdCl,in ,, i 0.188 0.203 
BA « ig 60.07 80.80 
Mg2P:O, per 20 c.c. 0.1807 0.1795 
Silver deposited 0.2235 0.2384 
Ta- 0,822 0.660 


International Critical Tables, Vol. VI, 1929 Edition gives : 
Tci-in 0.500N-HCl1=0.160 at 18°C 
Ta in LO0ON-HC1=0.156 at 18°C 


Potentiometric Measuremeuis: (i) Measurements of the Hydrogen-ton 
Activity.—The results of these measurements are shown in Table II. For the 
sake of comparison the fu values of the different acid mixtures are given 
together with that of the strong acid alone. Table II shows that in all cases 
the acid mixtures are more acid than the strong acid alone. With the 
exception of the arsenic-hydrochloric acid mixtures in the ratios 1: 1, 1:2 
and 1:3, the fu values decrease in the direction: phosphoric to boric acid 
mixtures. Measurements with perchloric acid may also reveal the fact whether 
the observed deviations are dependent on the nature of the strong acid 
added. Table III-shows the fg values of the acid mixtures with perchloric 
acid as the strong acid. The weak acid-perchloric acid mixtures behave 
in a manner which is completely different from the corresponding mixtures 
containing hydrochloric acid. Thus, arsenic and acetic acid mixtures possess 





—_ 


a- ss « 








ON MIXTURES CONTAINING A WEAK AND A STRONG ACID 623 


fu values which are always greater than those of perchloric acid alone. 
Boric acid mixtures are more acid than perchloric acid and in this 
respect they behave similar to the hydrochloric acid mixtures, but the 
individual values of fa are higher in the ratios 3:1, 2:1, 1:1 and 
1:3 and smaller in the ratio 1:2 than the corresponding hydrochloric 
acid mixtures. Phosphoric-perchloric acid mixtures, however, show 
fu values which are smaller than those of perchloric acid as the 
concentration of perchloric acid is increased up to the ratio 1: 1. 


TABLE II \ 


Comparison of the pu values of the acid mixtures containing 
hydrochloric actd. 


Ratio. (Hcl) (H,P0.. ts HCl) (H,AsO, + HCl) (AcOH + HCl) (H,BO,. + HCl) 

3:1 1.18 0.961 0.896 0.446 0.449 

2:1 1.02 0.787 0.732 0.379 0.348 

1:1 0.730 0.515 0.611 0.280 0.281 

1:2 0.430 0.174 0.251 0.099 0.181 

1:3 0,230 0.075 0.195 0.017 0.017 
TABLE III 


Compartson of the pu values of the actd mixtures 
containing perchloric actd. 


Ratio. pH pH pH pH pH 
HCIO, (HCIO, (H,ASO, (AcOH (H,BO* 
+H;PO,) +HCI1O,) +HCIO,) +HCIO,) 

3:1 1.020 0.790 1.073 1.135 0.925 
2:1 0.832 0.652 0.936 0.965 0.740 
1:1 0.529 0.374 0.623 0.661 0.404 
1:2 0.250 0.331 0.360 0.331 0.123 
1:3 0.119 0.281 0.240 0.179 0.109 


With increasing concentration of perchloric acid, the fx values are greater than 
those of perchloric acid alone. Thus, the nature of the strong acid added to 
the weak acid is an important factor in bringing physical changes in the 
properties of the acid mixtures. The above results, with the quinhydrone 
electrode, were also checked with the glass electrode with mean deviations 
of + 0.03 ot a fu unit. 
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(ti) Measurement of the Chlorine-ton Actiotty—Table IV shows the 
results obtained with the silver-silver chloride electrode and checked with 
an apparatus similar to that of Guntelberg (Z. phystkal. Chem., 1926, 123, 
199) which consisted of a cell without liquid junction and provided with 
hydrogen and _ silver-silver chloride electrodes. This procedure eliminated 
the possibility of errors in the observed potentials which might be introduced 
on account of the liquid junction potentials. On considering the figures 
in Table IV it can be seen that the fu values of the acid mixtures are 
always higher than those of hydrochloric acid by 0.2 to 0.4 of a fa unit. 
The presence of suppressed weak acid alters the ionic activities of the 
strong acid. 


TABLE IV 


Comparison of the pa values of the actd mixtures 
containing hydrochloric acid. 


Ratio. Po Po Po Pa Po 
(HCl) (H,PO,+  (H,AsO,+ (AcOH + (H,BO3+ 
HCl) HCl) HCl) HCl) 
3:1 1.20 153 1.67 1.44 1.46 
2:1 1.02 1.26 1.45 1.31 1.33 
1:1 0.75 0.96 1,19 1.02 1.¢9 
1:2 0.44 0.63 0.89 0.82 0.76 
1:38 0.23 0.53 0.60 0.55 0.59 


The effect of non-electrolytes, such as sucrose, on the electrical 
conductance and concentration of hydrogen ion in aqueous hydrochloric acid 
solutions was investigated by Zhukov and Dneprov (/. Gen. Chem. USSR., 
1940, 10, 291). The transport number of the chloride remained constant 
in solutions containing sucrose up to 30% by weight. The activity of the 
hydrogen ions increased with increase in sucrose content. Thus, the xu value 
of a solution containing 1% sucrose changed from 1.14 to 0.38. Similar 
experiments by Fischer and Koval (Umzv. Kiev Bull. Sct. Rec. Chim., 
1939, 4, 137) showed that sucrose, acetone and urea reduced the transport 
number of the hydrogen ion in solutions of sulphuric acid. They concluded 
that complex ions of the type (H3O0’. non-electrolyte) existed. Their reference 
substance was accordingly not stationary in the electric current. However, 
Bartlett and Daubin (/. Amer. Chem. Soc., 1940, 62, 1939) observed an 
increase in the acid strength of hydrogen chloride by the addition of phenol 
in dioxane asa solvent. They attributed the effect to be due to hydrogen 
bond formation. 

Hydrogen bond formation between the suppressed weak acid and the 
chloride ion would account for the high acidity observed in these acid 
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mixtures, but fails to explain the high value of the transport number of 
the chloride ion. If the suppressed weak acid is assumed to be present as 
an ion-pair, the high polarity of the latter would orient water molecules 
around it. The solution would therefore exhibit a deficiency in water 
molecules in regions containing chloride ions. This “dehydration” effect 
would render the chloride ion more mobile and the solution would show a 
local decrease in the concentration of hydrated chloride ions. Thermal agi- 
tation in solution does not seem to alter this picture where the homogeneity 
of the solution is disturbed in the vicinity of the ion-pair weak acid. The 
existence of definite hydrates of sucrose in aqueous solution has been 
recently confirmed by X-rays by Young and Jones (/. Phys. Collotd Chem., 
1949, 53, 1334). The increase in the acidity of the strong acid could be 
explained on the basis of a deformation brought in by the presence of the 
large field of the ion-pair tending to separate the hydrogen ion to a larger 
distance. Even if we assume that the weak acid is present in the co-valent form, 
one should expect congregation of water molecules to occur on account of 
induced polarity in the acid by the highly polar solvent molecules. The defor- 
mation of hydrogen chloride due to external fields has been confirmed by 
infra-red measurements (Williams, Phys. Rev., 1936, 50, 719) and Raman 
spectroscopy (West and Arthur, /. Chem. Phys., 1937, 5 10). 


CHEMISTRY DEPARTMENT, Received May 2, 1951. 
Facu.ty or Science, Faroux I 
University, ALEXANDRIA, Eoypr. 
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FLUIDITY AND TEMPERATURE. PART II. CASES OF MERCURY 
AND GALLIUM AND A GENERAL CRITIQUE 


By ASOKE KUMAR MUKHERJEE 


The equation developed in Part I of this series connecting fluidity and temperature has been 
tested in the cases of mercury afd gallium which are monatomic liquids with extensive range of 
stability, and the results interpreted. 


In a critical review of the theoretical relations connecting temperature 
and viscosity of liquids, Srinivasan and Prasad (PAz/. Mag., 1942, 33, 258) 
tested the validity of different equations by examining the cases of liquid 
metals, specially gallium, which exists in the liquid state for the widest range 
of temperature under atmospheric pressure. In the light of the remarks made 
by the authors, the equation derived in Part I (this Journa/, 1951, 28, 519) 
and verified in Part III of this series of communications (to be published later) 
has been verified in the cases of mercury and gallium. The present communi- 
cation embodies the results of this attempt anda critical review of the 
equations proposed and the results obtained as presented in three different 
parts of this series. 

Cases of Mercury and Gallium 

In Part I, the following equation connecting fluidity (¢) and free energy 

(G) of aliquid has been derived. 
8 Ba 

log $+3 log 7 = log ee loe fe —leg S'v + bee oe 
where 7'is the absolute temperature ; N, the Avogadro’s number; A, a constant 
for the liquid ; 4, the Plank’s constant; m, the mass ofa single molecule; &, 
the Boltzmann constant ; f, the partition function for interatomic vibrations in 
a molecule ; /’y, the partition function for intermolecular vibrations amongst 
different molecules; AZo, the internal latent heat of vaporisation and R, the 
gas constant. 

In the case of normal liquids, where the vibrational partition functions 
are usually small and the changes in these quantities with temperature are 
also small, it has been possible to bring the above equation to the following 
form 


¢ The a; exp (4/7) ® pe (2) 
where a, and 4, are two constants. In the case where temperature variations 
of these vibrational partition functions cannot be neglected, equation (1) 
yielded another relation 


$79 = ae exp (be/T) ait m (3) 


where @g and dg are constants. 














Equation (2) was tested in the cases of mercury and gallium by plotting 
(log ¢+# log 7) against 1/7. In both cases (Figs. 1 and 2) the graphs appear 
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to be convex towards 1/7 axis, and gallium shows this effect most prominently. 
This indicates that in these cases the observed effect is greater than that expected 
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from an application of equation (2). Equation (3) cannot be applied to these 
cases because being monatomic liquids, vibrational partition function would 
refer only tothe energy of vibration between two atoms held together by 
Van der Waals’ forces. The cause of anomaly, as referred to above. is therefore 
to be traced to certain other factors regarding which some tacit assumptions 
have been made in the derivation of equation (1). 

On analysis it is evident that one such assumption is the linear variation 
of G with Z, which can be justified only by way of approximation within a 
narrow temperature range. In cases like gallium and mercury, it appears that G 
should be expressed in a more general and explicit form wherein terms contain- 
ing higher powers of 7 should be taken into account. 


Expressing G as a function of 7, let, 
G = A+p7+E77+.. ... 


where A, #, £ etc. are constants. Now that G is a finite quantity, the coefficients 
of the higher powers of 7 must vanish rapidly. Taking up to the second power* 


we get 
GaA\+uT+tT? 


Using the value of G in equation (1), we get 


log  +$ log 7 = log ia ‘ sg 
“(<*> gk 

—_ <= 108 EMEA? ” ESR 

and B - $f 

or log $+ log T+ sa = «+ ee ict pal — 


Again we know from thermodynamics that 
(dGld7)»p e-S$ 
Hence from equation (4) 
(dGldT)p = wt+2ET=— - S 
Hence the coefficient » and é are negative. This conclusion is also arrived 
at from Nernst’s heat theorem 
AG = Ao — BT? 
whence the coefficient of 7? is negative. Hence, it may be rightly concluded 
that & is a negative quantity and is equal to —%’ say. 


* Commonly the series up to the second power is enough as it is rapidly convergent and the 
coefficient of the third power is very small. 
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Hence the equation (5) becomes 


— « B 
log ¢+§% log 7 sma7 7 * + 7 wh ide (6) 


Thus the plot of (3 log 7+ log 4) against 1/7 becomes convex as it always in- 
volves a certain quantity —¢’ 7/2.303 R which should be deducted in representing 
the actual behaviour of the metals, mercury and gallium. Equation (6) thus 
presents a plausible explanation of the behaviour of these metals. A closer 
examination of the equation has been possible in the case of mercury only, for 


which o( = was calculated from the temperature variation of Cp. The 


a ) 
2.303 R 
valve of 4 is found to be 1.1 10~*. In the case of gallium, however, the necessary 
data were not available. 


Critique.—The relationship between fluidity and temperature has thus 
been investigated in Parts I to III of this series (Joc. czt.) from a theoretical 
point of view by connecting this with free volume in a liquid in which the 
molecules of the liquid have been assumed to undergo translatory motion. 


The free volume is again connected with the translatory partition function 
by Boltzmann statistics, and hence to the free energy of molecules. The 
relationship is thus not a simple one. Viscosity is ultimately connected with 
the probable energy states of the liquid molecule, and so the same equation is 
not likely to apply to all liquids nor to different ranges of temperature. In the 
present case one fundamental equation has been deduced which has been 
changed to different forms to suit different conditions. These equations again 
differ considerably from the classical equation of Andrade (P£zl. Mag., 1934, 
17, 497, 696), 


@ = aexp (4/7) i ‘as ied (7) 


where a and / are constants. Inthe present case, the constant ‘2’ has been 
shown to be a function of temperature. In cases of simple liquids 7 occurs 
in ‘a’ with an index of—3/2, a conclusion also arrived at by Eyring (cf. Glasstone, 
Laidler and Eyring, “The Theory of Rate Processes”, McGraw Hill Book 
Co., 1941, p. 486). In the case of associated liquids the same index has been 
shown to change to -7/2. Another interesting point in these equations is 
that, the constant ‘4’ has also been shown to be a function of temperature 
because it involves free energy G, and this has been helpful in understanding 
the behaviour in the cases of mercury and gallium. This point, that the 
constant ‘4’ probably involved 7, was also suggested by different workers 
(Eyring ef al. loc. cit, p 494; Eirich and Simha, ./ Chem. Phys., 1939, 7, 
116) from their experimental observations but none of them were quite 
definite on this point and no theoretical approach was presented to clarify this. 


The different equations derived herein appear to be similar in many 
respects to some of those previously arrived at from different considerations. 
But in the method of derivation, as presented herein, no mechanism has 
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been assumed for the flow process ; the equations follow purely from the unique 
assumption of translatory motion of liquid molecules in the free space 
available within. The fundamental equation arrived at in this manner has 
been flexible enough so that it has been possible to apply this to diverse 
cases of liquids at different temperature ranges. The same fundamental 
equation has been helpful in connecting viscosity with different other proper- 
ties of the liquid state as will be evident in subsequent communications. 
The question of fluidity and external pressure has already been discussed in 
a previous communication (7rans. Indian Inst. Chem. Eng. 1950, 2, 36). 


Moreover, these equations, specially the equations (2) and (3), can be 
put in a general form : 


log d= Ait A+C, log 7 


where A;, 2; and Cy are constants, which is of the identical form as the 
three-constant-equation derived empirically and referred to by Madge and 
others (Physics, 1934, 5, 39) and believed to be of greater accuracy by Friend 
(“Text Book of Physical Chemistry”, Griffin, 1932, p. 247). In fact, in these 
communicatiens the empirical three-corstant-equation has been given a 
theoretical! footing. 


Author’s thanks are due to Prof. S.N. Mukherjee, and to Prof. S. R. 
Palit for their valuable help and guidance and to the authorities of the 
institution for granting him the facility to use the library and the laboratory. 


Puysicat Cuewistry LABoraTory, Received April 9, 1951. 
CoLLEGE OF ENGINEERING AND TECHNOLOGY, 
Japavpur, CaLcuTTa—32. 
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R: VALUES AND THE DISTANCE OF THE STARTING POINT 
FROM THE SOURCE OF SOLVENT IN FILTER PAPER 
. CHROMATOGREPHY 


By D. P. Burma 


The Rt values of the amino-acids gradually decrease with the increase of the distance of 
their starting point from the source of solvent. This is attributed to gradual loss of water- 
content of the solvent during its movement along the paper. Total loss of water has been roughly 
calculated and it has teen shown that the distribution of solvent and water is not uniform 
throughout. 


The solution to be subjected to paper chromatography is applied a few 
cms. away from the edge of the paper, which dips into the developing 
solvent. In the two-way chromatography the solution is applied near one 
of the corners of a sheet of paper and a few cms. away from both the 
edges, which are to be successively dipped in the developing solvents. It 
has been observed by Consden ef al. (Biochem. /J., 1944, 38, 224) that the 
rates of movement of the amino-acids (expressed in terms of A: values) 
depend upon this distance between the starting point and the source of 
solvent. A detailed study of this ‘distance’ factor has been made in this 
communication. 


ExPERIMENTAL 


For the study of the distance factor, phenol > water and pyridine-amyl 
alcohol-water (35 : 35 : 30) have been used in the descending way and zsopropyl 
alcohol-water (7 : 3) in the ascending way. 


The descending chromatography was carried out in a cabinet specially 
made according to the specifications of Dent (Biochem. /., 1948, 43, 169) 
with slight modifications. The cabinet is made out of Swedish boards, inside 
dimensions being 80 cm.x80cm.xX20cm. It is provided with glass windows 
on both the sides and a tight-fitting lid ; 10 cms. below the lid there are 
supports on both the sides for the stainless steel trough and for the sheets 
of paper held into this trough. The developing solvent is added to the trough 
through a small opening at the centre of the lid after the filter papers have 
been allowed to equilibrate within for 8 to 12 hours with the vapours of 
the developing solvent. The equipment used for the ascending way of 
development was the same as described in a previous communication (Burma 
and Banerjee, this /ourna/, 1951, 28, 135). 
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The A: values of an amino-acid for various distances from the source 
of solvent were determined on the same sheet of filter paper. For the 
descending run, a piece of sheet (46.4 cm. x 56.3 cm.) of Whatman filter No. 1 was 
used. Point marks by graphite pencil were made on this paper 2 cm. apart 
from each other but at various distances from the edge of the paper as 
shown in Fig. 1. The first point was as usual 7.5cm. away from the edge 
which was placed in the trough. Other points were marked such that the 
distances of the consecutive points increased by 2 cm. All the points thus 
lay on a line at an angle 45° to the edge. 0.0025 MI. of an amino-acid 
solution was applied at each point. The paper was developed and the 
positions of the amino-acids on the chromatogram were indicated in the usual 


way. 
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For the ascending run, sheets of smaller size (29 cm 30cm.) were used 
(Fig. 2). The first point was 1.5 cm. away from the lower edge and the 
distances of the consecutive points increased by 2 cm. as in the previous case. 


Table I records the A: values of some of the amino-acids applied at 
uniformly increasing distances, as described above, using the descending way, 
and phenol>water as the developing solvent. The distance moved by the 
solvent front in each case is also recorded. The spots of a particular amino- 
acid are found to lie more or less on a straight line which is, however, not 
parallel either to the starting line or the solvent front (Fig. 1). 


Table II records the R: values of some of the amino-acids obtained 
in the similar manner using pyridine-amyl alcohol-water in the descending 
way and Table III records those of a few amino-acids using zsopropyl alcohol- 
water as the developing solvent in the ascending way. Peculiarly enough, 
in the latter case the spots fall on two straight lines intersecting at a large 
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Glutamic 
acid. 


49.1 cm 


0.31 


.30 
.30 
29 
.28 
27 


Serine. 


46.5 cm 


0.39 


39 
38 
37 


TABLE I 


(Descending way). 


Glycine. 


48. cm. 


0.44 


43 
42 
1 
Al 
Al 
40 
40 
40 
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38 
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35 
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Alanine. 


49.5cm. 


0.58 


59 
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58 
59 
57 
57 
57 
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Developing solvent : Phenol > water. 


Valine. 


Distance moved by the solvent front. 


0.76 
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Leucine. 


48 cm. 47.8 cm 


0.85 
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angle. The change of slope, although small, is not negligible (Fig. 2). The 
break occurs, as can be seen from the figure, near the spot corresponding to 
the distance of 14 cm. away from the starting point. 


Phenyl- 
alanine. 
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TaBLeE II 





Developing solvent : Pyridine-amyl alcohol-water (35:35:30). 
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(Descending way). 


Threonine. 


39.8 cm. 
0.13 
12 


06 
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02 
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Valine. 


Distantance moved by the solvent front. 


43 cm. 

0.23 
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isoLeucine. 


45 cm. 
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TABLE III 


Developing solvent ; zsoPropyl alcohol : water (7 : 3). 


(Ascending way). 


Distance 
from Ist Asparagine. Aspartic Glutamic Glycine. Alanine. Methionine. Phenyl- 
starting acid. acid. alanine. 
point. 
Distance moved by the solvent front. 
27.7 cm. 27.2 cm. 27.1 cm. 27.3 cm. 27.0 cm. 27.1 cm. 26.9 cm. 
0 cm. 0.21 0.30 0.33 0.38 0.47 0.57 0.60 
2 23 31 35 40 47 A 58 
+ 23 30 .32 38 45 56 58 
6 .23 .26 30 .37 43 54 55 
8 .22 24 .26 36 4l 52 54 
10 .20 .20 .22 34 39 51 52 
12 19 16 18 30 35 48 50 
14 17 14 15 28 33 45 48 
16 16 13 16 27 31 42 45 
18 15 12 .14 .26 30 Al 43 
20 13 ll 12 .20 25 37 Al 
22 11 .08 12 .20 23 34 38 
24 12 07 ll 13 .20 32 34 
26 13 .04 05 13 14 .26 25 


DiscuUuSSION 


The results recorded in Tables I—III clearly indicate that the rates of 
movement of the amino-acids depend toa considerable extent on the distance 
between the starting point and the source of solvent. In the descending 
as well as in the ascending methods of chromatography, the A: values gradually 
decrease with the increase of this distance. The decrease at first is small, 
but as the distance considerably increases, there is a sharp fall in the RA: 
values, Inthe case of amino-acids with lower A: values, no movement of 
the amino-acids could be observed when applied at large distances from the 
source of solvent. .In the case of volatile solvents, such as zsopropyl alcohol, 
pyridine and amyl alcohol, the extent of variation of Rs: values with the 
distance from the source of solvent is greater than that in the case of less 
volatile solvents, such as phenol. 
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At short distances from the source of solvent, the A; values are found 
to remain practically the same. In the case of ascending chromatography, the 
solution is usually applied close to the source of solvent (1.5 cm. to 2.5 cm. 
away), so that the results are less prone to variation. In the case of 
descending chromatography on the other hand, this distance is considerable 
(7 cm. to 10 cm.) and is thereby expected to count upon the final results. 
So care should be taken to maintain a constant distance of the starting point 
from the source of solvent to obtain reproducible results. 


A decrease in R: value with increasing distances is expected from the 
‘partition’ mechanism suggested for paper chromatography (Consden e/ al., loc. 
ctt.). The composition of the mobile phase depends upon the amount of 
water taken up by cellulose of the filter paper for its saturation. As the 
developing solvent ascends or descends along the filter paper, more and more 
water is adsorbed by cellulose and thereby the mobile phase will be gradually 
depleted of its water-content. The water-content of the mobile "phase thus 
depends on the distance from the source of solvent. The greater the distance 
from the source of solvent, the less will be the water-content of the mobile 
phase. Finally, the mobile phase may be completely robbed of its entire water- 
content as it appears from absence of any movement in certain cases at consider- 
able distances. 

Again, the smaller the amount of water in the mobile phase, the less 
will be the solubility of the amino-acid in that phase. Assuming the solubility 
in water-saturated cellulose to remain constant, the partition coefficient of the 
amino-acid («) will increase with the decrease in solubility in the mobile phase. 
From the formula relating ‘«’ and ‘ RX: * (Consden ef al., loc. ctt.) it is expected 
that with the increase in «, the value of A: will decrease ; this is practically 
found to be so. 


A simple calculation will roughly show how much water the mobile phase 
loses after traversing a particular length of the filter paper. It may be roughly 
taken that at 25° the ratio of phenol and water in phenol saturated with water 
is 7 : 3, z.e., percentage of water is 30. A strip of Whatman No. 1 filter paper 
of area 59X35 sq. cm. and of weight 1.7828 g. increases in weight by 3.7246 g. 
on development with phenol saturated with water. This is thereby equal to 
the total amount of phenol and water onthe paper. If it is assumed that the 
filter paper adsorbs 20% water (International Critical Tables) the composition 
of the mobile phase roughly comes out to be 17: 3, z.¢., percentage of water 
is 15. Thus, it is observed that the percentage of water in the mobile phase 
is about half of that in the original developing solvent. This, however, re- 
presents an average composition of the mobile phase; the exact composition 
is likely to vary throughout the strip. Witha strip of greater length (70 cm.) 
the composition of the mobile phase is found to be still less (about 10% water) 
which clearly demonsttates the gradual loss of water by the mobile phase as 


it moves along the paper. 
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In the case of amino-acids of low R: values, the rate of movement 
considerably slows down at greater distances. This is due to the fact that 
normally such amino-acids travel short distances and thereby experience less 
variation in the composition of the phase. When these amino-acids are applied 
at greater distances, the mobile phase coming in contact for the first time has 
a different composition from the initial. Amino-acids of high A: values even 
normally pass through various phase-compositions and thereby are less 
affected when applied at greater distances. 


In the case of pyridine-amyl alcohol-water (Table II), the A: values are 
reduced to zero towards the end. Since with the pure solvents constituting 
this mixture no movement of the amino-acids is observed due to their insolu- 
bility or sparing solubility, it can be reasonably concluded that this solvent 
mixture after traversing a long distance is deprived of its water-content That 
it can so happen was observed by Burstall e¢ ai. (/. Chem. Soc. 1950, 516) in 
the case of butyl alcohol saturated with water. 


In the case of zsopropyl alcohol-water (7:3) we can have a rough idea 
about the extent of decrease in water-content of the mobile phase from the 
R: values of the amino-acids obtained with the mixture having various com- 
positions (Burma and Banerjee, Joc. cit.). If we consider the RA: values of 
the amino-acids, when the latter are applied somewhere midway between the 
usual initial and final spots (say, 12 cm. away from the usual place near the 
edge), they are found to roughly correspond to those obtained when amino- 
acids are applied at the usual distance, but developed with zsopropyl alcohol- 
water having the composition (75:25). If it is assumed that the A: values 
usually measured represent the average of the values for different distances, it 
can be roughly speculated that the moving solvent loses about 5% water during 
its passage through half the distance of the chromatogram. While traversing the 
whole distance of it the decrease in Rt values in all casesis not found to be 


‘uniform for reasons already pointed out. Anyway, in this case the A; values 


correspond on the average tothe composition 25: 15, z.¢., the total loss of 
water in traversing the entire distance is 15%. 


The author’s thanks are due to Dr. J. K. Chowdhury, Head of the 
Department of Chemistry, and Dr. B. Banerjee, Senior Research Fellow, Bose 
Research Institute, Calcutta for their kind encouragement and suggestions 
during this work. His thanks are also due to Dr. S. K. Mukherjee, 
Lecturer, University College of Science and Technology, Calcutta for his 
active criticism. 


Bose InsTiTUTE, Received May 7, 1951. 
CaLcuTta. 
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COAGULATION OF SOLS: VARIATION OF TIME OF COAGULATION 
WITH ELECTROLYTE CONCENTRATION. FURTHER 
STUDIES WITH As2S3 SOL 


By Rama KuMmAR AND ABANI K. BHATTACHARYA 


Further data on the coagulation of As,Sgsol at different concentrations by electrolytes. e. g., 
MgCl,, CaCl., Sr(NOs)., ZnSO,, CdCl,, MnCl,, CrCls, UO, (NOs)., Ce(SO,), and Th (SO,). 
have been presented. Interesting observations onthe nature of the curves obtained have been 
made and explained in the light of the empirical equation of more general character, c=a+-6/t than 
the one deduced in an earlier communication by the authors. 


In continuation of our previous publication (1951, 28, 179) on slow 
coagulation of colloids and the relation between the electrolyte concentration 
and the time of required coagulation, studied from the view point of the 
applicability of our empirical equation, 

cmatd. 14 

we communicate further data on the coagulation of arsenious sulphide sol at 
different concentrations, by various other electrolytes. We have been able 
to elicit some more interesting observations on the nature of the curves obtained 
by plotting ¢ against 1/¢, in the case of some electrolytes other than those pre- 
viously communicated. We have attempted to explain such observations or 
anomalies by representing the process of slow coagulation by an empirical 
equation of more general character, of which cma+9// is a particular case ; the 
normal and abnormal behaviours of the sol on dilution have also been studied. 


Ex PERIMENTAL 


Arsenious sulphide sol was prepared by adding an arsenious oxide solution, 
from a burette dropwise, to water through which hydrogen sulphide was con- 
tinuously bubbled, till a sol of desired opacity was produced. Excess of hydrogen 
sulphide was expelled by bubbling hydrogen through it for about 24 hours. In 
order to determine the time of coagulation by a definite volume of electrolyte 
solution of known concentration, five test tubes were taken. To each, the 
specified volume of electrolyte was added and then made up to 5 c.c. by adding 
the requisite amount of water. Five c.c. of the sol were taken in five other test 
tubes. The sol and the electrolyte were then thoroughly mixed and allowed to 
stand. The time at which the coagulated sol just began to leave the surface of 
the liquid. was noted and the mean of all the five values was taken as the time 
of coagulation. The following tables give the time of coagulation ( in mins. ) 
and its reciprocal corresponding to different amounts of various electrolytes ; 
¢ is expressed in terms of millimoles added to 1 litre of the sol. 
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COAGULATION OF SOLS 


TABLE I 


Coagulation with MgClo. 
Conc. of sol=1.35g. of AsoSy/litre (A). 


Sol A Sol 3A/4 Sol A/2 

a lft. c* t. lft. c* é. lt. 

40min. 0.0250 0.981 74 min. 0.0133 0.981 90min. 0.0111 

30 .0330 1.104 44 .0273 1104 52 .0192 
26 0385 1,226 29 0345 1.226 32 03125 

22 0454 1,349 23 .0435 1349 21 .0476 

155 0645 1.472 16 0625 1472 15 0667 

inf. 0 1.715 9 111 1595 11 .0909 

1.497 inf. 0 1.552 inf, 0 
TABLE II 


Coagulation with CaClg. 
Conc. of sol=1.35g. of As2S;/litre (A). 


Sol A Sol 3A/4 Sol A/2 

t. 1/t. c. t. lt. C. t. 1/t. 
61 min. 0.0164 0.909 51 min. 0.0196 0.788 40min. 0.0111 
43 0232 1.091 33 0333 0.9093 41 0244 
36 0278 1.212 17 .0588 1.091 20 .0500 
31 .0322 1.455 ll .0509 1.212 12 0833 
24 0417 1.697 7 .1428 1.455 7 .1428 
11 .0909 1.485 inf. 0 1.642 inf. 0 
inf. 0 

fase III 


Coagulation with StCNOs3) o. 
Conc. of sol =0.908g. AsoS3/litre (A). 


Sol A Sol 3A/4 Sol A/2 

é. 1/t. e. t. 1/t. ¢. t. 1/t. 
61 min. 0.0164 0.492 105 min. 0.0095 0.591 42 min. 0.0238 
36 .0277 542 64 .0156 .640 30 .0333 
27 .0370 591 38 .0263 .689 22 .0454 
20 .0500 .689 24 .0416 .788 14 .0714 
15 .0667 .788 17 .0588 .886 10 .1000 


12 .0833 1.492 inf. 0 
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1910 
2.101 
1.05 


1.158 
1.273 
1.389 
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1.73% 
1.968 
1.984 


0.374 
1.071 
1,168 
1.266 
1,460 


1.487 
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TABLE IV 


Coagulation with ZnSO,4. 


Conc. of sol =0.9080g. As2S;/litre (A). 


Sol A Sol 3A/4 
t. 1jé. Cc. t. jt. ¢. 
48min. 0.0208 0.1146 95 min. 0.0105 0.1337 
34 -0294 .1337 55 .0182 1528 
20 .6500 .1528 37 .0270 1719 
10 -1000 1719 22 0454 1910 
inf, 0 .1910 13 .0769 859 
2101 8 125 
955 inf. 0 
TABLE V 
Coagulation with CdClg. 
Conc. of sol=0.7573g. As2Ss/litre (A). 
Sol A Sol 3A/4 
t. jt. 6. t. it. c. 
80 min. 0.0125 1.158 62 min. 0.1580 1.042 
45 .0222 1.273 40 (250 1,158 
35 0286 1,505 27 .0370 1.273 
29 .0345 1,736 18 .0566 1,389 
19 .0526 1.968 8.5 .1176 1.621 
11 .0309 1,344 inf. 0 1,852 
inf. 0 1.810 
TaBLe VI 
Coagulation with MnCle. 
Conc. of sol = 0.7573g. AsoSs/litre (A). 
Sol A Sol 3A/4 
t. lft 6. t. 1/t. Cc. 
58 min. 0.0172 0.876 101lmin. 0.0099 0.876 
44 .0227 0.974 60 .0167 0.974 
23 0435 1.071 42 .0238 1,071 
18 .0567 1.168 30 .0333 1.168 
10 .1000 1.266 22 0454 1.266 
7 .1428 1.363 15 0667 1.363 
inf. 0 1.535 inf, 0 1,633 


Sol A/2 
t. 1fé. 
50 min. 0.0200 
36 0277 
20 .0500 
10 .1000 
inf. 0 
Sol A/2 
t lft. 
50 min. 0.0200 
41 .0244 
32 03150 
25 .04000 
17 .0588 
11 .0909 
inf. 0 
. 
Sol A/2 
t, 1/t. 
120 min. 0.0083 
72 .0139 
.0217 
32 03125 
0454 
17 0588 
inf, 0 














0.0837 
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0.1154 
0.1282 
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0.964 
1.084 
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1.326 
1.446 


0.2513 
0.2828 
0.3142 
0.3770 
0.4084 
0.1728 


0.2698 
0.3035 
0.3372 
0.3710 
0.4046 
0.4721 
0.5901 
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Taste VII 


Coagulation with CrCls. 
Conc. of sol=0,9080g. Ase Ss/litre (A). 





Sol A Sol 3A/4 Sol A/2 
t. lj. c. t. lft. 6. t. lt. 
78 min. 0.0128 0.0851 54min. 0.0185 0.6962 43 min. 0.0232 
43 0.0222 0.1026 26 0.0385 0.1122 18 0 0556 
28 0.0357 0.1115 21 0.0476 0.1168 7 0.1428 
20.5 0.0488 0.1295 14 0.0714 0.1282 4 0.2500 
9.0 0.1111 
TasBLe VIII 
Coagulation with UO2g(NOs)s. 
Conc. of sol=0.9080g. Ase Ss/litre (A). 
Sol A Sol 3A/4 
t. lft. ¢. t. it. 
36. min. 0.0277 1.205 66 min. 0.0151 
29 0 0345 1.265 53 0.0193 
24 0.0417 1,326 38 0.0263 
21 0.0476 1.386 235 -0.0400 
14 0.0714 1,507 17 0.0588 
6 0.1667 
TABLE IX 
Coagulation with Ce(SO4)s. 
Conc. of sol=0,9080g. of AsoS; / litre (A). 
Sol A Sol 3A/4 Sol A/2 
t. lft. ¢. it. lft. c. t. lft. 
54min. 0.0185 0.1728 82min. 0.0122 0.1728 90min. 0.0104 
31 0.0323 0.1855 60 0.0167 0.2042 45 0.0222 
17 0.0588 0.2199 33 0.0333 0.2357 28 0.0357 
6 0.1667 0 2357 26 0.0385 0.2671 16 0.0625 
5 0.2000 0.2513 19 0.0526 
inf. 0 0.2828 6 0.1667 
0.1070 inf. 0 
TABLE X 
Coagulation with Th(SO,)s. 
Conc. of sol = 0.7573g. As,Ss/litre (A). 
Sol A Sol 3A/4 Sol. A/2 
t. 1jt. C. i. 1/t. c. t. li. 
56 min. 0.0178 0.2023 44min. 0.0227 0.1686 48min. 0.025 
40 0.0250 0.2698 25 0.0400 0.2023 28 0.0357 
39 0.0256 03372 16 0 0625 0.2698 20 0.0500 
34 0.0294 0.4046 12 0.0833 0.3372 16 0.0625 
28 0.0357 0.4721 10 0.1000 0.4046 115 0.0909 
24 0.0417 0.4958 9 0.1111 
20 0.0580 
inf. 0 
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DISCUSSION 


From the ¢ and I1/¢ curves (only the curve relating to CaCl shown) it will 
be observed that these are of a continuous straight line nature, at all dilutions 
of the sol, when the precipitating electrolytes are Sr (NOs)2 and Th(SO,4)2, 
while there are bends towards i/¢ axis at higher values of ‘c’ in the case of 
MgCle, CaCle, ZnSO,, CdCly, CrCls, UOs(NOs)9, MnClg and Ce(SO4)e as 
coagulating electrolytes. 


Fic. 1 
Coagulation with CaClg. 
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An interesting feature of these bends is that in most cases the two parts 
of the curves can be represented by two straight lines and the inclination 
between these two straight lines is 2lmost the same for all dilutions of the sol. 
The following table, keeping in view *he accuracy of this experiment, clearly 
illustrates this point. 
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TaBLe XI 
Inclination. 
Sol A. Sol 3A/A4. Sol A/2. 

ZnSO, 45° 42° 50° 
CdCl, 23° 23° 20° 
MnCl, 35° 34° 38° 
MgCl, 40° 38° 42° 
CrCl, 37° ss 37° 
CaCl, 47° 40° ms 
Ce(SO,). 44° 52° 


The coagulation curves for Sr(NO3)2, CaCle and MgCl, bring out another 
interesting point with regard to the effect of dilution of the sol. These curves, 
unlike others, interesect at some distance from the ‘c’ axis. For values of ‘c’ 
greater than those given by the points of intersection, the dilution effect is 
normal; but it becomes abnormal for values lower than the points of intersec- 
tion. This connotes that the abnormal behaviour of a sol has its own limits, 
and, in some cases, the so-called‘normality may change into abnormality if the 
electrolyte concentration is kept below a certain value, which may be designated 
as the inversion concentration point of the electrolyte. 


In considering the bend of the curves, two lines of approach are probable. 
One of them lies in considering the time of coagulation as a discontinuous func- 
tion of the electrolyte concentration. If it is so, there are two parts of ¢ and 1/¢ 
curve, each being a straight line, as is shown in the graph above. This discon- 
tinuity suggests that, after a certain concentration of the electrolyte, the values 
of the constants ‘2’ and ‘d’ in the equation c—a+d/¢ are altered. It is yet early 
to establish a theory to explain this sudden change in the values of ‘a’ and ‘d’. 


The other aspect of explaining the bend may be based on the assumption 
that the curve is a continuous one. If this assumption is acceptable, a more 
generalised expression can be suggested to represent the whole curye—an ex- 
pression of which c=a+4/# is a particular case. This expression, which is as 
good an empirical one as the expression c=a+4/t, is as follows. 

mit 
(= atl 
where a, m and m are constants and ‘c’ and ‘/ have their usual significance. 


The above equation represents a hyperbola the bend of which is dependent 
on the values of the constants m and m, and when ‘”’ is very large in comparison 


: m 
to l1/¢, the above equation reduces to ¢ = a+ = 1/é 


or cmatb.1|t ( putting ™=3 ), 
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which is the equation previously communicated. In order to confirm the vali- 
m . A(t 
tilt 3 
values of the constants a, ‘m’ and ‘m’ and to see to what extent the hypothetical 
curve, obtained with the help of these values of the constants, agrees with the 
curve actually obtained. The constant ‘a’ is given by the point of intersection 
on the concentration axis and ‘m’ and ‘nz’ can be evaluated from the equations 
obtained by substituting two or three suitable chosen experimental value of c 
and 1/4. The hypothetical curves thus obtained very nearly superimpose the 
experimental one in most cases. These hypothetical curves have been shown 
by dotted lines in the accompanying graph. Further work to elucidate this equa- 
tion is in progress and will be communicated shortly. 


Thanks are due to Dr. S.S. Deshapande, Head of the Chemistry Department, 
Agra College, for his kind interest in the work. 


dity of the above expression c=a+ 


Cuemicat LABORATORIES, 
Aera CoLLece, AGRa. Received April 24, 1951. 


it is necessary to evaluate the 
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POTENTIOMETRIC STUDIES OF OXIDES OF CHROMIUM 


By S. K. K. JATKAR AND V. B. MAINKAR 


Chrome alum has been titrated with potassium chromate and chromic acid and vice versa 
using the cell: Pt-sol-K,SO, (satutated) NHgSO,-Hg,SO,-Hg. The nature of the E. M. F. 
and the A E/A c.c. curve has been found to be very complex. The peaks observed, which are 
reproducible, would indicate the formation of a large number of compounds of the general formula 
aCrOg. bCr,Os. 

These curves would further indicate that the chromium ion in solution undergoes striking 
changes of electronic structure, with progressive oxidation. 


The existence of a number of compounds between chromic oxide CrgOs 
and chromic anhydride CrOs has been indicated by a number of investigations. 


The results are summarised in the following table ( cf./. Ind. Inst. Sct., 
1939, 22A, 291).- 


TABLE I 
Formula. Structural formula. Formula. Structural formula. 
CrO; CrOs Cr,O, 2CrOs. Cr.O5 
36CrO;. Cr,O5 Crs0, CrOy. Cr,Os 
20CrO,. Cr,05 - CeO,, 2CrOs. 3CrgOz 
16CrO 3. CrO3 Cr,O, CrOs. 2Cr,O5 
Cr,O,, 6CrO;. CrsOs CrOs. 3or2O3 
5CrO,, Cr,O5 CrOs. 4Cr,O3 
Cr,O,,; 4CrOs. CrgO; Cr,0O;3 Cr,0, 
Cr,O,,. 3CrOs. Cr,Og 


The general formula of chromium chromates corresponding to the various 
steps observed in the decomposition of CrOs can be expressed by the formulae 
a CrO; . 6 CrgO3 where the values of “a2” in former case are 1, 2, 3, 4,5, 6...... n 
and “5” from 1 to 4. Maus ( Pog. Ann., 1827, 9, 127) prepared CrgO,5 (4CrOs. 
Cr2O3 ) by evaporating a solution of hydrated chromic oxide or chromium 
carbonate in cold aqueous solution of chromic acid, and CrOg (CrO 3. CreOs ) 
by digesting a hot solution of potassium chromate with chromic acid. Bensch 
(zbzd., 1842, 55, 98 ) digested chromium sulphate with chromic acid to obtain 
CrOg, while Eliot and Storer (Proc. Amer. Acad., 1862, 5, 207 ) replaced the 
chromium sulphate by chrome alum. 


_ The brown powder obtained by Rammelsberg (Pog. Ann., 1846, 68, 274 ) 


by mixing chrome alum and potassium dichromate was considered to be 2CrgOs- 
6 
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3CrOs. 9H2O, but Eliot and Storer (doc. cit.) showed it to be probably a mixture. 
Popp (Amnaien, 1848, 66, 87 ) observed that on exposing chromic anhydride on 
a glass plate, it dried to a brown crust, insoluble in water and having a compo- 
sition Cr,O,; (2CrO3.3CreO3). It is also obtained by treating a solution of 
chromic acid with an excess of alcohol at room temperature and heating the 
mixture after the evolution of aldehyde is complete. After suitable treatment 
the greenish brown oxide is obtained. 


Seubert and Carstens (Z. anorg. Chem., 1906, 50, 66) presumed that CrOg 
was formed at an intermediate stage during the reduction of chromic anhydride 
by iodide or hydrazine ; but Leuther and Rutter (zdzd., 1907, 52, 440 ; 54, 29) 
preferred the assumption that the reduction proceeded through stages of sexi, 
quinque, quadri and tervalent chromium. 


Calcagni ( Gazzetta, 1925, 55, 226) prepared Cro(CrgO7)s 7. e. (6CrOs. 
CroO3 ) by evaporating a solution of chromic oxide in chromic acid. Blanc 
( Ann. chim. phys., 1926, vz, 10, 82) recorded that when a salt of tervalent 
chromium was added to a solution of a neutral chromate and the precipitate 
washed with boiling water, brown 2 CrgO 3. CrOs was formed. 


The chemical properties of the various chromium chromates formed have 
not so far been systematically investigated though the solubility of the oxides 
in various reagents has been woked out. Traube ( Ammnalen, 1845, 66, 89) 
observed that Cr2O3. CrOs; was insoluble in water and converted into a soluble 
modification by keeping in contact with water for a long time. Braun (/. praké. 
Chem., 1863, 2, 90, 856) observed that 4 CrO3. CrgO3.12H2O dissolved slightly 
in cold water, and showed a greater solubility in boiling water. Ddbereiner 
(Z. anorg. Chem., 1908, 62, 440) observed that Cr;O;2 (3CrO3. CreO3) dissolved 
in hot water with the formation of a solution of colloidal nature. Simon and 
Schmidt ( 2dzd., 1924, 152, 191) observed that Cr;O,9 was partly soluble 
in hot water. The results show that there is a slow action of water on 
the oxides, forming a corresponding acid, which is soluble in water to a certain 
extent. 


Roy Chaudhari (this Journ2/, 1939, 16, 652) measured the equivalent con- 
ductivity, freezing point, fa value and absorption spectra of aqueous solution 
of 3CrO3. CrgO3 and concluded that the oxide was not a simple chromium 
chromate Cre (CrO,4)3. 3 HeO but it was Cr[Cr(H2O)s3. (CrO4)3]. The oxide 
reacts with water to form an acid, which is soluble in water and dissociates to a 
slight extent; 12% of the acid formed is dissociated. The compound exists in 
solution at a Ju of 2.87, while the ux of the HgCrO, of same molarity is 1.82. 


Hartford (Jud. Eng. Chem., 1942, 34, 920) has made x measurements 
on Cre(CreO7)s3 « e. 6CrO 3. CrgO3. He points out that the solution of chromic 
dichromate shows decreasing x with time. The chromium chromate was 
prepared by various methods such as thermal decomposition, electrolytic reduc- 
tion and reduction with HgOze, methyl alcohol and oxalic acid. In all cases 
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exceptionally high hydrogen-ion activity was noticed. It is stated that insoluble 
basic chromates precipitate from the dichromate solutions at x values above 3. 
Earlier studies of the compound postulate an undissociated solute or colloid, 
but the high hydrogen-ion activity points to a highly ionised solute, while, the 
slow change in Ju on standing gives indication of a rearrangement of a complex 
solute. The fx of this solution is below 2. Finally at fx 3.35 the colloidal basic 
chromate Crg(OH),.CrO, forms. In view of the ease with which complex 
chromium chromates are formed, even in highly acid solution, it is concluded 
that in chromic dichromate solutions there exists a progressive hydrolysis in 
which the two chromate complexes form from the dichromate complex. In 
complete accord with this hypothesis is the low fx at equillibrium of 
chromium dichromate. 


From thermal and chemical formation and properties of the various chro- 
mium chromates, it seems possible to find out if the substances give due indi- 
cation of their presence by a potentiometric titration of KgCrO,4 or chromic 
acid by chrome alum. 


The reactions occurring at the various stages may be represented by equa- 
tions like the following :— 
(1) 4Cr.(SO,)s+ KeCrOgt+11H,O = CrO3. 4CrgO3+ KeSO4+11H2SO4 
(2) 3Cre(SO,)s+ KeCrOg+ 8H2O = CrOs. 3Cr2O3+ KoSO4+ 8H2SOg 
(3) Cre(SOs)s+ KoCrOg+ 2H2O = CrOs3. CrgOs + KeSO4+ 2HeSO,4 
(4) Cre(SO4g)s+ 2KeCrOg+ HeO — 2CrOs3. CrgO3+2K2SO, + HeSOn 
(5) Cre(SO4)s+ 3KeCrO, = 3CrOs. Cr2O;+3K2SO;- 
(6) Cre(SO4)3+ 6KeCrO,+ 3H2O = 6CrO3. CreOs+3KeSO¢+ 6KOH 
(7) Cre(SO4)3+36KgCrO4+33H2,O —36CrOs. CrgOs3 + 3KgSO04+66KOH 


ExPERIMENTAL 


The potentiometric titration was carried out by using the electrode 
system : 
Pt | sol | KgSO4 sat | 1W-H2SO, | HgeSO, | Hg. 
The potentials were measured on a Tinsley vernier potentiometer using a 
sensitive mirror galvanometer as null instrument. Chrome alum was titrated 
with K,CrO, or chromic acid or vice versa. 


Figures | to 5 show the plot of E. M. F. and 4 Z/ Ac.c. against c.c. of titrant. 
The summary is given in Tables II and III. 

Table II shows the comparison of the observed volume the of reagent added 
to obtain the peak with that calculated on the assumption that the compound 
has a composition shown in column 1, 


a] 
< 
M 
iS 
<a 
a 
1 
> 
a 
a 
< 
m% 
< 
M 
H 
< 
any 
i 
4 
di 





TABLE II 


*(paarasqo) 
wnye swory> 
“O9/W + Pre aya 
-O149-0E/WVT “> ISL 


*(paazesqo) 
wnye emo) 
“09/W +*O20°X 
be-0¢/W *>°2SL 


(2122) 
winye suo: 
-09/W + pire ara 
-o1y> 10 "019° 
“OC/W *>°SZ 


“"peaiasqo 
(‘1109) pre 
21mM0149-0¢/W 
+ winye emo 
-09/W 29 Or 


"CP89°) "OF0°R 
“Ale-O€/W 
+ Uinje emoryq> 


“09/W ‘>"> OT 


*(psqo) "OIDs 
by-0c/w + 
wnje eumory> 
-09/W °°? OT 


(‘2189) 

pide 2110249 J0 
a3ewI0142-0¢/A 
+ uinyje emo 


“09/W *>°°0T 


(282 
*O%30/ dox9 


74.90 c.c. 74.55 c.c. 


75.00 c.c. 


NSARRAKRARVSTH SZ 





























—— 


a 





0242 
fap 97? q) 


e 





$z2- 








| 
is 
| 
= 


















































~~ 
--y7 


=< 


wv 


| 
i 
| 
j 


| 











1) 
ul 
ise 
| os 
| 


19% 











unruory) go SapsXo 





or 


1 ‘OI 





%9-49% 4 Jo “JI 





eo 9 v8 





2 02 











eo tL 





vt 
J 


a 
7 








” 


oe 




















se 


oe s 
a 74) 


7 


mnimo“ry? J? sapixo 





















































b “Ory 


“unje autoty > YO $9) 
oe of 9 +t 2 Of 


- 
8 
~~ 
3 
x 


52-91 
£0249 
Sa orpo () UNIMOLYD JO Sapixo 


f9%up vad A 
wp 27P4() Ma UO4YS JO SEpixg 





owe 


IG. 











Formula. 
Cr,O, 
CrpQ,, 
Cr,Oy, 
Cr,O, 
Cr,O,, 
Cr,0, 
Cr,O, 
Cr,O,;2 
Cr,O,, 
CrzO\s 
CrgO,y1 
Cr,Oge 
Cr, eOar 


Cr, , Os. 
Cr,,035 


Cr,30Os. 
Cry,0n, 
Cri, 
Cr 6, 
Cry1Oxs 
CrysOg1 
CrigOce 
CreoOg, 
CreeOcs 
CregOe 
CrysOg, 
Crs.Qo9 
CrgsO;11 
CresOiss 
CresQies 
Cris2Osrs 
Crg,sOes1 
Cro, 
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Decimal 

formula 

(CrOx.) 
CrO,.50 
CrO 66 
CrOQj.7; 
CrO,.80 
CrO:.8s 
CrOz¢.06 
CrOsz.25 
CrO¢4.40 
CrOs-50 
CrO,4.57 
CrOz-¢2 
CrOz.06 
CrO,.ro 


CrO¢-r5 
CrOz.75 
CrOz.7, 
CrOg-718 
CrO..-s0 
CrO.¢.81 
CrO,.e2 
CrO¢-83 
CrO4-5¢ 
CrO.,.s5 
CrOz.s6 
CrO 4: 
CrO¢9.59 
CrOz-01 
CrO..93 
CrOz.55 
CrOz-95 
CrOz.9s 
CrO.2-5, 
CrO3.o. 


TABLE III 


Ratio CrO,/Cr,O3 (observed.) 
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Ratio Chrome Chrome Chrome 
CrO;/Cr,O; alum+aq alum+alk. alum+ 
(calce.) K,CrO,. K,CrO,. chromic 
acid. 
0.25 0.23 (18)  0.21(-40) 0.20(45) 
0.33 0.33 (—6) 0.33(-70) 0.33(40) 
0.50 , 0.55(-13) 0.49(-40) 0.44(27) 
0.66 0.69 (-15) 0.67(-25) 0.56(25.5) 
1. 0.95(-40) 0.95{25) 
2. 2.01(-10) 1.99(-15) 1.87(10) 
3. 2.99(-6) 3.10(-15) 2.83(10) 
4. 4.08 (-4) 4.09(-65) 4.02(5) 
S. 4.98 (-3.5) 5.09(-69.5) 4.85(5) 
6. 6.00 (7) 6.00(-15) 6.00(3.3) 
7. ove 
8. eo 
9. 
10. te 
1L 
12. 
18. 
14. on 
15. 14.23(2) 
16. - 
17. 
18. 
20. 
22. 
26. 
32. 
36. 
43. 
64. 
125. 
216. 


Aq. K,CrO, Chromic 


+ chrome 
alum. 


1.98(5) 
2.99(2) 
3.95(15) 
4.96(10.5) 
6.00(11.5) 
7.02(7) 
8.10(6) 


8.88(8.5) 
9.95(6.5) 


10.98(5) 
11.86(5) 
12.89(5.5) 
14,11(8) 


15.61(7.5) 
17.04(4) 
18.30(6.5) 
19.76(5) 
21.85(4) 
26.00(9) 


31,54(6) 
36.15(8.5) 
42.36(12) 
70.58(18) 
134.8 (15) 


acid + 
chrome 
alum. 


1.97(- 4) 
2.97( - 3) 
3.92( - 4) 
4.95( - 3) 
6.00( - 5) 
6.94( - 2) 
7.87(- 4) 


8.87( -3) 
9.81( - 2) 


10.52( - 3) 
12.17( - 2) 
12.71( - 2) 


14.60( - 3) 


eee 


29.05( - 2) 


42.53( -1) 

83.85( - 4) 
139.7 (-9) 
225.1 (- 10) 
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Fie 5 


Oxides of chromium ()ratio Cr03 
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Table III shows the comparison of the calculated ratios of CrOs. CreO; with 
that observed; the figures in parenthesis alongside represent the value of 
AFA Acc. 

It was observed that there was no precipitate till 24 c.c. of aqueous 
chromate were added tothe chrome alum. A brown precipitate was obtained 
thereafter. A brown precipitate appeared in the case of alkaline chromate on 
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adding 8.5 c.c. of chromate, while with chromic acid there was no precipitation, 
but the solution darkened. 


From the very beginning of the titration of aqueous chromate with chrome 
alum, there appeared a precipitate though no precipitate was observeable when 
the chromate was replaced by chromic acid, only a darkening occurring. 


DISCUSSION 


Datar and Jatkar ( 7. /mdian Inst. Sci., 1939, 22A, 119, 225, 287, 309) have 
shown that chromium chromates are comparatively stable in the presence of 
basic compounds. The results of the titration, where alkaline chromate is 
employed, prove the correctness of this conclusion, as the peaks obtained are 
much stronger than in other titrations. 


That the chromium chromates can exist in acidic solution is brought out 
by the peaks obtained at the required intervals when chromic acid is employed. 
As is to be expected, the peaks are not very strong. 


In the titration of chromate with chrome alum, several compounds 
have been obtained, the most remarkable of which are the oxides formed in 
the initial stages whose ratios correspond to the cubes of 6, 5, 4, and so on. 


In the solid state the structure of CrO; is a slightly deformed octahedron, 
each metal atom being surrounded by 6 oxygen atoms and each oxygen by two 
metal atoms. Cr2QOxs has the corrundum structure in which six oxygen atoms 
form an octahedral group around the metal atom and each oxygen is surrounded 
by four metal atoms ( cf. Wells, “Structural Inorganic Chemistry”, 1945 ). 


It is obvious that (A) CrOs and (B) CrgQOxs having similar structures can 
form interpenetrating lattice. Thus, we should expect a continuous series of 
solid compounds of the general formula A:B, which have characteristic proper- 
ties such as oxidation-reduction potentials, magnetic susceptibilities and vapour 

*pressures, which would be more pronounced for the more symmetrical ones. 


It is interesting to point out that the characteristic peaks occur at inter- 
vals of unit changes in composition which would indicate the building up of 
the lattice structure step by step. Some of these apparent compositions are 
related by 2°, 3°, 4°, 55, 6° ¢.¢. ratios 8, 27, 64, 125,216 which are roughly in 
agreement with the observed peaks at ratios 8, 26, 70, 134, 225. the increasing 
discrepancy being due to lack of closer points. It is intended to study this 
amazing case of periodic precipitation with the help of a continuous titration 
apparatus. 


DEPARTMENT OF CHEMISTRY, 


University oF Poona, Received October, 6, 1950. 
Poona 4. 
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ESTIMATION OF LEAD : GRAVIMETRIC ANALYSIS WITH 
PHENYLARSONIC ACID 


By Ani KumaR MAJUMDAR AND RAMENDRA NaTH SEN SARMA 


Phenylarsonic acid can be utilised as a reagent for the estimation of lead in presence of alkali 
and alkaline earth metals over a pu range of 6.8to74. Alkali metals and calcium coprecipitate 
when present over a certain amount. Coprecipitation of calcium is avoided by double precipi- 


tation. 


The reagent phenylarsonic acid was used for the estimation of bismuth in 
presence of a large number of elements (Majumdar, this /ourna/, 1944, 21, 119, 
187, 188 ; 1945, 22, 313; Majumdar and Sen Sarma, 24z¢., 1949, 26, 477). With 
this reagent, lead has been found to give a precipitate which is slightly soluble 
in cold, but more so in hot water. The product is of a definite composition when 
the lead is precipitated over a #x range of 68 to 7.4. Ata lower fu than 68 
the precipitation is incomplete and ata /u higher than 7.4, the lead though 
completely precipitated, the salt formed is not of definite composition. When 
present over a certain amount, the alkali metals coprecipitate but when present 
in good excess, the alkali nitrate has a solubilising action on the salt. Of the 
alkaline earth metals calcium coprecipitates, but this can be avoided by double 
precipitation. In the case of strontium and barium no such effect has been 
observed, and in their presence lead can be separated by a single precipitation. 


EXPERIMENTAL 


Chemicals used were all of the reagent quality. Reagents were (7) prepared 
and crystallised phenylarsonic acid of m.p. 157°, (22) ammonia solution prepared 
by passing ammonia gas through cold water and (777) wash water, prepared 
by neutralising with ammonia a 0.04% of the reagent in water. 

Standard solutions of lead, calcium, strontium, barium and of alkali metals 
were prepared from their “Pro analyse” nitrates. Amount of lead present in 
the standard solution was determined both by the sulphate and the chromate 


methods. 


Procedure: pa ranges—To a_ standard solution of lead nitrate 
were added 15 c.c. (2.5to3 times the amount of lead) of the 1% solution of 
phenylarsonic acid in water and the whole diluted to 150 c.c. The solution 
was then heated and neutralised with ammonia using 8-10 drops of bromocresol 
purple indicator. After the neutralisation, the solution was heated to boiling 
with occasional stirring under a small flame and allowed to boil gently for about 
a minute. The precipitate was allowed to settle, filtered and washed with hot 
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wash water (4 to5 times) by decantation and then transferred on the Gooch 
crucible and again washed with the wash water several times, and finally with 
small quantities of cold warer and then dried at 110° and weighed. The effect 
of different y was studied by varying the amount of ammonia. Results are 
shown in Table I. 


TABLE I 
No. Pb taken. Wt. of ppt. Pb found. pu. Error. 

1 0.0504 g. 0.1002 g. 0.0502 g. 6.6 — 0.0002 g. 
: « 0.1006 0.0505 6.8 +0.0001 

Pa i - 7.2 on 
4 0.1008 0.0506 7.4 + 0.0002 
5 a 0.1002 0.0502 7.8 — 0.0002 
6 ra 0.0994 0.0499 8.3 — 0.0005 
7 0.0458 0.0910 0.0457 7.2 - 0.0001 
8 = 0.0912 0.0458 7.0 Nil 
gy 0.0916 0.1820 0,0914 7.1 — 0.0002 


The lead precipitate obtained by the procedure given above was dried at 
110° and then analysed both by the sulphate and the chromate methods, results 
of which are given below : 


Substance taken =0.1482 g. Substance taken =0.1282 g. 
Wt. of PbSO, =0.1088 g. We. of PbCrO, =0.1012 g. 
* % of Pb = 50.16 * % of Pb = 50.20 


Mean 50.18% 


The value is, however, lower than that for the normal lead salt of 
phenylarsonic acid (50.86). Hence, the factor 0.6018 is used for the calculation 
of the results. The lead compound was found to be stable even when heated 
to 150°. 

Separation from Alkali Metals.—The procedure followed was the same as 
mentioned above. Results are given in Table IL. 


TasBLeE II « 


No. Pb taken. Alkali metal taken. Wet. of ppt. Pb found. Error. 

1 0.0504 g. 0.1353 g. (Na) 0.1010 g. 0.0507 g. +0,.0003 g. 
Hs 0.1841 (K) > - “ 

? 0.1125 (NH,) 0.1008 0.0506 +0.0002 

2 0.0504 0.2706 (Na) 0.1024 0.0514 +0.0010 

si 0.3682 (K) 0.1020 0.0512 +0.0008 

a 0.2250 (NH,) 0.1008 0.0506 +0.0002 

3 0.0458 0.5412(Na) 0.0924 0.0464 +0.0006 

“ 0.7364(K) 0.0920 0.0462 +0.0004 

z! 0.4500((NH), * 0.0910 0.0457 - 0.0001 

4 0.0303 0.1623 (Na) 0.0620 0.0311 +0.0008 

a 0.2209 (K) 0.0624 0.0313 1 0.0010 

® 0.1350 (NH, * 0.0610 0.0306 +0.0003 

0.0504 1.3530 (Na) * 0.1008 0.0506 + 0.0002 

s 1.8410 (K) * 0.1010 () 0507 +0.0003 

a 1.1250 (NH,) * 0.1000 0.0502 - 0.0002 
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Separation from Alkaline Earths.~The same procedure was followed as 
mentioned above. Results are given in Table III. 


TABLE III 


No. Pb taken. Alkaline earth taken. We. of ppt. Pb found. Error. 
1 0.0504 g. 0.0500 g. (Ca) 0.1008 g. 0.0506 g. +0.0002 g. 
a ‘a (Sr) 0.1006 0.0505 +0.0001 
” ” (Ba) ” ” ” 
2 0.0504 0.1000 (Ca) 0.1014 0.0509 + 0.0005 
a o (Sr) 0.1004 0.0504 Nil 
eo é (Ba) 0.1006 0.0505 +0.0001 
3 0.0504 0.2500 (Ca) 0.1036 0.0516 + 0.0012 
, - (Sr) 0.1006 0.0505 + 0.0001 
es 0 (Ba) » ” “ 
4 0.0504 0.5000 (Ca) 0.1060 0.0532 +0.0028 
* ‘ (Sr) 0.1008 0.0506 + 0.0002 
” he (Ba) ” ” ” 
5 0.0303 0.0500 (Sr) 0.0604 0.0303 Nil 
é “ (Ba) 0.0606 0.0304 + 0.0001 
6 0,0504 0.1000 (Ca) 0.1008 0.0506 +0.0002 
0.2500 (Ca) 0.1006 0.0505 +0.0001 
. 0.5000 (Ca) “i ‘i a 
9 0.0303 ‘ss (Ca) 0.0606 0.0304 +0.0001 


From the results (1-5) in Table III it is evident that calcium gives high 
results due to coprecipitation and the amount coprecipitated is proportional to 
the amount of calcium present. Satisfactory results are obtained in presence of 
calcium (cf. results 6-9 in Table III) if the lead precipitate after washing by 
decantation is dissolved in a few drops of concentrated nitric acid and reprecipi- 
tated by following the proper procedure after adding 5 c. c. of the reagent solu- 
tation ( 1% ). 


InorGanic CHEMISTRY LABORATORIES, 
CoLLEeGE OF ENGINEERING & TECHNOLOGY, Received May 23, 1951. 
Japavpur, CaLcuTTa— 32. 
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STUDIFS ON 1HE SOLUBILITY AND LIGHT-FASTNESS OF 
AZO DYES.. PART I 


By A. B. Sen anv R.C. SHARMA 


The solubility of twelve azo dyes of benzene-azophenol series has been determined in 
benzene, petroleum ether and_ groundnut oil. The stability of these dyes towards sunlight has 
also been studied with the help of a photoelectric colorimeter, 


As the oil-soluble dyes have great importance in printing, colouring of 
plastics, vegetable product, fats, waxes and gasoline, it was considered worth- 
while to study the solubility of azo dyes in oil and organic solvents like benzene 
and petroleum ether. A survey of the literature reveals that very little work 
has been done in this field. In the present work, the effect of different groups 
like -Cl, -NOs, —CHs, —OCH; and —HSOs, in different positions of the 
dye molecule on the solubility and stability towards light has been studied. It 
may be mentioned that the solubility and stability of dyes in oil proper has so 
far only been determined by Anon (Farben Zig., 1914, 19, 648) and that 
too, qualitatively. In all other cases, wherever oil solubility has been mentioned, 
either kerosine oil or liquid paraffin has been used. For determining the solubility 
of these dyes in oil, colorimetric method has been employed, since ordinary 
methods of solubility determination are not applicable. 


The problem of the fastness of dyestuffs to sunlight has engaged the atten- 
tion of chemists since the early days and various methods have been suggested 
by different workers from time to time ( Knetch, 7, Soc. Dyers & Col., 1905, 21, 
3, 154 ; Bancroft, Orig. Com. 8th. Inter. Congr. Appl. Chem., 20, 91 ; Robson, 
J. Soc. Dyers & Col, 1918, 34, 185 : Haley, zded, 1918, 34, 201; 
Robinson e/ ai, Am. Dyestuff Rep. 1923, 11, 384), but they had to be given up 
as they were either of theoretical importance or gave only approximate results. 
Moreover, the light-fastness has so far only been tested after their application 
on fabrics where the constitution of the fabric is known to play an important 
role (Gebhard, Chem. Zig., 1913, 37, 765 ; Busley, Zext. Col., 44, 367) and as such 
the absolute fastness of these dyes has so far not been measured. 


Light-fastness of azo dyes was studied for the first time by Watson, 
Sarkar and Dutta (/ Soc. Chem. IJnd., 1911, 30,6) utilising Knetch's pro- 
cess for this purpose. This method did not give accurate results as had been 
acknowledged by the authors. Besides, they did not take full precautions 
against the factors that influence the light-fastness, as suggested by Rose (Proc. 
Am. Text. & Col., 1926, 68 ) and further, their study was restricted to —HSOs, 
-—COOH, -OH and —NO, groups only. 


With these facts in view, a method has been developed by the present 
authors in which the absolute fasiness of the dye can be measured accurately 
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in solution. The fading rate has been measured here with the help of a photo- 
electric colorimeter (Klett-Summerson) as the solutions were found to obey 
Beer's law within a wide range when proper filters were used. 


EXPERIMENTAL 


In these investigations twelve derivatives of benzene-azophenol were 
prepared by coupling phenol with appropriate diazonium salts in alkaline 
medium. In this way azo dyes with—Cl, -NOs, -CHs, ~OCHs and - HSO; 
groups in different positions were obtained. Groundnut oil was chosen for its low 
viscosity and melting point for determining oil solubility. Two organic solvents 
viz., anhydrous benzene and petroleum ether (b. p. 60°—70°) were also used for 
this purpose. The light-fastness of these dyes was tested in groundnut oil 
solutions as this solvent had no protecting effect which was observed in benzene 
and alcoholic solutions. 

Solubility in Ozl—Saturated solutions of the dyes were prepared by shaking 
a mixture of an excess of the dye and groundnut oil, in sealed glass tubes, in a 
mechanical shaker for six hours at a constant temperature (40°) and subse- 
quently filtering the solutions. Two standard solutions of the dye having 
different concentrations were prepared in benzene. Measured volumes of these 
standard solutions were added to known quantities of the oil. The saturated 
solution in oil in its turn was diluted with proportionate quantity of benzene. 
The celour intensity of the saturated solution was then compared with the 
standard solutions by means of the photo-electric colorimeter, using throughout 
the light of the same wave-length. The solubility was then calculated by the 
formula : 
Conc. of known 


Reading of known x reading of unknown. 


Conc. of unknown = 


(dye) 


Solubslity in Benxene and Petroleum Ether-—Saturated solutions in ben- 
zene and petroleum ether were prepared as described in the case of oil except 
for the process of filtration. Since both the solvents were very volatile, the 
saturated solutions were carefully transferred by special pipettes, having cotton 
plugs, into specially designed doubly stoppered glass bottles. The solvents were 
subsequently evaporated in an air-bath (110°). 


Fus‘ness to Light—About 0.1% solutions of the dyes were prepared in oil 
and were exposed to sunlight in sealed glass tubes of equal thickness and dia- 
meter to avoid humidity and temperature variations. Strengths of these solutions, 
before and after the exposure, were accurately determined with the help of the 
photo-electric colorimeter. The solutions were exposed to the sunlight in the 
month of June. A preliminary investigation after twelve days’ exposure showed 
a general fading in different dyes. The results obtained are shown in Table II. 
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STUDIES ON THE SOLUBILITY AND LIGH'T-FASTNESS OF AZO DYES 


TaBLE I 


Solubthtsy of the dyes. 


Dye. 
4-Hydroxyazo- benzene 
Anisol-(2-azo-4)-phenol 
Anisol-(4-azo-4) - phenol 
o-Chlorobenzene-(1-azo-4)-phenol 
p-Chlorobenzene-(1-azo-4)-phenol 
m-Chlorobenzene-(1-azo-4)-phenol 
4-p-Toluolazo-phenol 
4-0-Toluolazo-phenol 
4-m-Toluolazo-phenol 
p-Nitrobenzene-(1-azo-4)-phenol 


o-Nitrobenzene-(1l-azo-4)-phenol 


p-Sulphonylbenzene-(1-azo-4)-phenol — not (a) Insoluble 


TABLE II 


M. p. 
152° 
146° 
142° 
85° 
157° 
135° 
151° 
116° 
137° 
(144°) 
213° 


162° 


melt. 


Solubility (100g.) in 


Benzene 
at 30°, 


(a) 1.647 
(b) 1628 


(a) 1.102 
(b) 1.103 


(a) 2.09 
(b) 2.08 


(a) 15.14 
(b) 15.09 


(a) 3.527 
(b) 3.531 


(a) 6.404 
(b) 6.370 


(a) 2.989 
(b) 3.010 


(a) 21.90 
(b) 21.80 


(a) 3,08 
(b) 3.12 


(a) 0.330 
(b) 0.329 


(a) 7.16 
(b) 7.20 


Fastness to light. 


‘ ; Dye. 


4-Hydroxyazobenzene 
Anisol-(2-azo-4)-phenol 
Anisol-(4-azo-4)-phenol 
o-Chlorobenzene-(1-azo0-4)- phenol 
m-Chlorobenzene-(1-azo-4)-phenol 
4-p-Toluolazo-phenol 
4-0-Toluolazo-phenol 
4-m-Toluolazo-phenol 
p-Nitrobenzene-(1-azo-4)-phenol 


o-Nitrobenzene-(1-azo-4)-phenol 


Initial 
eading. 
27 


79 
74 


137 
74 


Conc. 


0.9760 % 
0.1437 
0.1413 
0.0568 
0.1393 
0.1363 
0.1239 
0.1377 
0.1932 
0.1523 


Petrol 


ether at 30°. nut oil at 40°. 


(a) 0.138 
(b) 0.142 


(a) 0.139 
(b) 0.140 


(a) 0.0844 
(b) 0.0864 


(a) 0.65 
(b) 0.67 


(a) 0.204 
(b) 0.208 


(a) 0.314 
(b) 0.306 


(a) 0.167 
(b) 0.164 


(a) 1.97 
(b) 2.00 


(a) 0.46 
(b) 0.47 


(a) 0.00346 
(b) 0.00639 


(a) 0.00637 
(b) 0.00639 


Insoluble 


Col. eens 
after 
exposure. 

20 
71 
65 
8 
33 
38 
33 
43 
105 
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ground- 
(a) 4.517 
(b) 4.526 


(a) 2.262 
(b) 2.300 


(a) 3.344 
(b) 3.372 


(a) 4.513 
(b) 4.501 


(a) 4.365 
(b) 4.386 


(a) 6.243 
(b) 6.182 


(a) 5.581 
(b) 5.604 


(a) 5.884 
(b) 5.843 


(a) 9.941 
(b) 9.956 


(a) 0.775 
(b) 0.786 


(a) 1.135 
(b) 1.160 


Insoluble 


Fading. 


25.9% 
10.09 
12.1 
30.7 
17.5 
11.12 
5.75 
6.68 
23.3 
8.21 
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CONCLUSION 


As a result of these investigations a few inferences have been drawn which 
are given below :— 


Solutions of these azo dyes on dilution obey Beer's law. 


Substitution of -CHs and - Cl groups in the amino part of the dye mole- 
cule increases the solubility, whereas substitution by - NO, and —HSOs groups 
decreases it. 


In accordance with Mortimer’s equation (/. Amer. Chem. Soc., 1913, 45 
633 ) : 


OF te Te 
Log N= 457 (7 : ;) 

it has been found that the solubility of these dyes depends upon the melting 
point, viz., lower the melting point, higher the solubility and vice versa. In the 
case of ortho-, meta-and para-isomers of a compound, the internal pressure, / 
of the solvent, the latent heat of fusion, Z, of the solute being constant quantities 
(cf. Glasstone, “Recent Advances in General Chemistry” and International 
Critical Tables) and the temperure, 7 being the same’ in each case, it is 
evident from the above equation that the solubility V is inversely proportional 
to the melting point 7m. 

The above relationship holds good in the case of benzene and petroleum 
ether but not in the case of oil, which is a mixture of glycerides and not an 
ideal solvent. However, m-substituted dyes appear to be most Soluble in oil 
as compared to or/ho and fara ones. 


Table II shows that dye No. 4 having a --Cl group in ortho position is 
most fugitive (30.7%) and dye No.7, having a —-CHs group in or/ho position. 
is the least (5.75%). 


CHEMICAL LABORATORY, 
Lucknow UNIVERSITY, Recetved March 19, 1951. 
Lucknow. 
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STUDIES ON THE FRIES REARRANGEMENT. PART V 


By A. B. SEN AND S. S. PARMAR 
Fries rearrangement of various substituted phenolic esters of crotonic acid has been studied. 


In continuation of our work on Fries rearrangement ( Sen and Misra, this 
Journal, 1949, 26, 339 ) we have now extended the work to ten more phenolic 
esters of crotonic acid. The rearrangement was carried out in the usual way in 
the presence of carbon disulphide using 12 to 13 moles of anhydrous 
aluminium chloride. In all the cases only o-hydroxy-ketones were obtained in 
yields ranging from 31 to 86 %. These ketones have been @haracterised through 
their 2 : 4-dinitrophenylhydrazones. 


ExPERIMENTAL 


Crotonyl chloride was prepared by following the method of Staudinger 
et ac. ( Ber, 1916, 49, 1991), b. p. 123°—125° ( Staudinger e¢/ ai. report b. p, 
124°-126°). 

Phenolic Esters of Crotontc Actd.—0.1 Mole of phenol in 20-25 cc. of 
anhydrous benzene was taken in a round bottomed flask fitted with a reflux 
condenser containing a calcium chloride tube. To this clean and dry magnec- 
sium ribbon in the form of a spiral was added (catalyst). Now 0.1 mole of 
crotonyl chloride was gradually added through a dropping funnel. The mixture 
was refluxed on the water-bath till hydrogen chloride had ceased to evolve. 
The completion of the reaction took nearly 10-12 hours ; after cooling water 
was added and the benzene layer separated. It was then washed with 1% 
caustic soda solution and finally with water. The benzene extract was dried 
over anhydrous calcium chloride and the benzene removed by distillation. The 
residual oil was distilled under reduced pressure, yield 58-96.8%. 


The esters thus obtained are summarised in Table I. 


Fries Rearrangement of the Esters—The appropriate ester (0.053 mole) 
was taken in a 500 c. c. round bottomed flask fitted with a reflux condenser and 
a calcium chloride guard tube. To this 15. c. of carbon disulphide and then 
0.079 mole of finely powdered anhydrous aluminium chloride were added to 
itand the mixture was refluxed on the water-bath for } hour ; subsequently 
the carbon disulphide distilled off. The residual mass was then heated in an 
oil-bath at 120° for } hour. On decomposing the resultant puffy mass with 
ice and dilute hydrochloric acid an oil separated out (solids in the case of three 
esters, which were filtered and recrystallised from hot alcohol). It was taken 
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up in ether, washed successively with water, 1% sodium carbonate solution and 
finally with water. The ethereal layer was dried over anhydrous sodium sul- 
phate and the ether removed by distillation. The residual oil was distilled 
under reduced pressure. The hydroxy-ketones obtained confcrmed to Pyman's 
test ( J. Chem. Soc., 1930, 280 ) for o-hydroxy-ketones. 


TaBLe II 


Products of the Fries rearrangement of the esters. 





No. Estei. AlCle. Hydroxy-ketone 2: 4-Dinitrophenylhydrazone. Nitrogen 
B. P. & M. P. Yield M.'P. Mol. formula. Found. Calc. 
I. 60g. 64g. 183°/20mm. 76.7 % 243° C,.H,.,OsN, 14.61% 15.14¢. 
S72 3S 143°/20mm. 78.6 187° C,,H,,O,N, 14.65 15.14 
IL 80 79 144°/°/1mm. 57.5 229° Cy 9H29O5N, 14.12 14.58 
IV. 10.0 106 161° 53.0 243° C,,H,sOgN, 14.65 15.14 
Vv. 100 106 142°/2mm. 86.0 249° C,3H,,O;N, 14.69 15.14 
VI. 10.0 9.3 115°/5mm. 31.0 236° Coo.H220,N, 13.81 14.07 
VIL 100 87 114°/3mm. 58.0 179° C.,H2O,N, 13.06 13.59 
VIL 10.0 105 103°/2mm. 32.0 155° Cy,H,6O6N, 14.63 15.06 
IX. 10.0 105 88° 54.0 
X. 100 105 84° 42.0 238° C,H, ,O.N, 14.48 15.06 


These ketenes obtained were all converted into 2: 4-dinitrophenylhydra- 
zones which were recrystallised from hot glacial acetic acid except in the case 
of o-hydroxy-ketone No. IX, the 2: 4-dinitrophenylhydrazone could not be pre- 
pared. The o-hydroxy-ketone No. IX gave on annalysis: C, 683; H, 6.18; 
C11Hy 0s requires C, 68.74 ; H, 6.25 per cent. 


CHEMISTRY DEPARTMENT, 
Lucknow Universiry, Recewed May 5, 1951, 
Lucknow. 
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ESTIMATION OF CHLORINE IN ORGANIC COMBINATION IN 
THE COAL SUBSTANCE 


By H. N. Das Gupta ANp J. N. CHAKRABARTI 


Modified ter Meulen method has been attempted in evaluating chlorine in coal substance in 
organic combination. 


It is a matter of common experience that chlorine, in proportions varying 
between 0.05 and 1.0%, occurs in all coals. Many hold the view that this 
chlorine is present principally as chlorides of sodium, potassium and magnesium 
in the coal substance. There is, again, no suitable method for determining 
the water-soluble chlorine in coal and, as such, a measure of total chlorine is 
ordinarily found out (Fuel Research Board, Survey paper No. 44, 1940, p. 28). 
This is perhaps the reason why chlorine is considered to be present predomi- 
nently as chlorides. A correct measure of the chlorine, as chlorides, provides 
its effective usefulness in the case of coals that are to be carbonised. Since 
at the temperature of carbonisation these salts suffer volatilisation and then 
react with refractions, forming a glaze. This glaze coating reduces the effective 
life of a coke-oven or of a gas retort. This is precisely the reason why, ordi- 
narily, the presence of an appreciable quantity of chlorine in a sample of coal is 
considered detrimental to the brick-work of coke-ovens arid gas retorts. High 
chlorine in coal substance may not always be prejudicial to the stability of the 
refractories, as an appreciable percentage of it may be in organic combination. 
In the latter case, there may be either volatilisation or decomposition or both. 
Halogenated organic compounds have hardly any effect on refractories. If there 
be any liberation of hydrogen chloride gas or simple chlorine, due to decomposi- 
tion, the refractories may be simply bleached (Washburn and Libman, 7. Amer. 
Ceram. Soc. 1920, 3, 635 ; Baskerville, Sczence, 1919, 50, 443). It thus transpires 
that a correct estimation of chlorine in organic combination has its profound 
usefulness. It is proposed to describe one such process in the present com- 
munication. 


Some investigators have suggested that a part of the total chlorine might 
be in organic combination (Hi: us, “The Elements of Fuel Technology”, 1947, 
p. 58). Literatures, however, reveal no experimental confirmation of this view. 
It is apparent from our findings that a part of the total chlorine is in organic 
combination, and, in some cases, its proportion is as high as 30--35% of the 
total. 


The adoption of ter Meulen’s method (Rec. trav. chim., 1928, 47, 698), 
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with slight modification, has been found to be very suitable for obtaining a true 
measure of the chlorine linked to organic compounds. The chlorides, however, 
are not affected by this treatment. This was verified by subjecting an artificial 
mixture of pure sodium chloride, sugar charcoal and 2: 4 : 6-trichlorophenol 
to the modified process. The results (Table I) show that the organic com- 
pound only is affected. The process is very simple and entails a total period 
of one and half hour only. Fora comparative study, the total chlorine content 
of each coal sample was also determined. It is evident that the difference 
between the total chlorine and that linked to organic compounds gives a mea- 
sure of inorganic chlorine. 


EXPERIMENTAL 


The apparatus consisted of a silica tube, 55—60 cm. long and 15 cm, diam. 
This was mounted horizontally by two clamps; the vertical distance was so 
adjusted as to utilise fully the heating effect of three burners. One end of the 
tube was provided with a cork and a delivery tube with a view to connecting 
the same toa constant supply of pure hydrogen. The other end of the tube 
was kept open vza a constricted tube. The boat containing the weighed sample 
was introduced into the tube near the end connected to the source of hydrogen 
and was placed at a distance of 8cm. A nickel foil, rolled in the form of a 
spiral, was kept at a distance of 20 cm. from the same end. Another porcelain 
boat containing pure barium carbonate was placed just near the open end of 
the tube. At the outset, a steady stream of pure hydrogen, saturated with 
ammonia, was maintained through the tube. For this, the gas was bubbled 
successively through water, solutions of lead acetate and potassium hydroxide 
and liquor ammonia. The burner, immediately below the nickel catalyst, was 
started first. When the exterior surface of the tube was red hot, heating of 
the boat containing barium carbonate was made. The temperature of the boat 
with the powdered sample was raised gradually and the full temperature effect 
was allowed only after 15 minutes. Hydrogen combines with chlorine linked 
to organic compounds in presence of nickel. This then combines with ammonia 
forming ammonium chloride and is deposited on the inner walls between nickel 
catalyst and the open end. The least trace of unreacted hydrogen chloride 
is arrested by hot barium carbonate. The reaction requires a period of forty- 
five minutes. After the reaction was over, the tube was allowed to cool. This 
was then washed with water to dissolve the deposited ammonium chloride after 
withdrawing the boats and the spiral. Barium carbonate was also washed into 
the solution containing ammonium chloride. This was then rendered acidic 
by acetic acid and boiled to expel hydrocyanic acid, if any. Chloride was then 
estimated volumetrically in the usual way. Table I shows the results with 
2:4: 6-trichlorophenol and Table II shows results of experiments made 
with coals from different localities. 
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TABLE I 
eart. Substance. % Chlorine. 
Found. Calc. 
1 2:4:6-Trichlorophenol 53.49 53.93 
2 Do 53.56 53.93 
3 Do (0.1440 g.) +NaCl 
(0.7917 g.) 54.10 53.93 
4 Do (0.1509 g.) NaCl 
(1.023 g.) 54.09 53.93 
TBALE II 
Proximate analysis, 
excluding V. M. % Organic chlorine. % Total 
Expt. Particulars of coal chlorine, 
No. sample. Ash. Moisture. As received. Dry ash-free (dry, ash- 
ccal. free basis). 
0.089 } 0.097 | 
1 Margherita Colliery, \. \. 0.395 
Assam. 4.83% 3.46% 0.088 | 0.095 ) 
0.110 ) 0.1247 | 
2 Balihari Colliery b - 0.495 
16 seam. 10.78 1.06 0.109 } 0.1236 J 
0.1045 ) 0.127 )} 
3 Charanpur Colliery. 13.43 4.30 . 0.418 
0.1038 | 0.126 J 
0.036 } 0.042 } 
4 Bharat Colliery, . } 0.426 
12 seam. 13,82 0.88 0.037 } 0.043 J 
0.027 ) 0.032 } 
5 Do, 13 seam. 16.04 1.13 \ i 0.322 
0.026 J 0.031 
0.456 } 0.647 ) 
6 Dalmia Colliery. 
28.81 0.76 0.459 0.651 
0.085 } 0.124 )} 
7 Khas Junagora Colliery. 29.07 1,09 - 0.538 
0.086 J} 0.124 
0.0310 } 0.045 )} 
8 Bright Kusunda Colliery, 0.551 
Dhansar. 30.60 0.53 0.0307 J 0.044 
0.066 ) 0.082 ) 
9  G/s0/241. 17.06 2.28 \ 0.340 
0.066 J 0.082 } 
0.0493 ) 0.068 ) 
10 G/50/243. 27.22 1.01 0.537 
0.0493 } 0.068 
0.101 ) 0.126 } 
ll G/50/244. 19.19 1.08 ; } 0.350 
0.102 J 0.127 J 


DepaRTMeENT OF CHEMISTRY, FUELS AND METALLURGY, 
Inp1aAn Scuoor or MINEs aND APPLIED GEOLOGY, 
DHANBAD. 
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REVIEWS 


The Adsorption of Gases on Solids. By A R. Mitter. Published by 
Cambridge University Press, 1949. Pp. 133. Price 12 sh. 6d. 


Some fundamentals connected with the adsorption of gases on _ solid 
surfaces, specially on surfaces of metals, were successfully worked “out by 
Langmuir whose work is now looked upon as classical. Later on J. K. Roberts 
advanced this line considerably by his experimental and theoretical investigations 
and his extensive researches were published in Cambridge Physical Tract 
entitled “Some Aspects of Adsorption”. As stated by the author himself in 
the preface of the book ‘The present monograph is a revision of Robert's Tract 
on Adsorption. When the original tract was written statistical theories had 
not been developed......... In considering a revision of the original Tract it 
seemed desirable to rewrite it.... Todo this it was necessary to discard much 
of the original Tract and to rearrange the presentation of the remainder to 
conform to the new material which was to be introduced”. 


The above gives an apt description of the scope of the book as an up-to- 
date authoritative monograph on the subject. The book gives a very good 
account of the experimental results together with the theories underlying them. 
The treatment of mobile and immobile films from the point of view of the 
“order—disorder” theory of Lennard-Jones and Devonshire deserves special 
mention. The whole book has been written in an elegant level and the aid of 
potential energy curves has been invoked in the explanation of many of the 
things presented herein. The book will prove a valuable guide and reference 
to all who are engaged in original works in this line. The get-up of the -book 
has been excellent. S. N. M. 


Synthetische Methoden der Organischen Chemie. Vol. IV. By W. 
Theilheimer. Published By S. Kargar A. G. Verlag, Basel, 1950. 


This is the fourth volume of the series of compendia on synthetic methods 
of organic chemistry written by Dr. Theilheimer, the first three volumes 
being published in 1946, 194: and 1949 respectively. The present volume is 
written in German but the explanations of the methods of classification 
employed in the book and of the use of the index as well as the preface are 
given both in English and in German. The volume is also provided with an 
English key to the index and to the abbreviations. Since the words used in the 
text are mostly those of common occurrence in chemical literature, an elementary 
knowledge of German should make the reader understand the book without 
difficulty. 


The material in the book is made up of abstracts from papers published in 
1947 and 1948 with supplementary references from 1949. It is arranged not 
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according to types of compounds, but on a new system developed by Weygand 
(Organic Preparations, Interscience Publishers, Inc.. New York, 1945), on the 
basis of the groups changed during the reaction. These changes are represented 
by certain reaction-symbols, and by a system -of nomenclature which indicates 
the functional groups formed and destroyed and also the manner of formation 
of the chemical bond involved. A systematic survey classifies the various 
reactions dealt with according to this method and also indicates by references 
where changes involving the same groups have occurred in the previous volumes. 
These volumes have thus succeeded in classifying the varieties of organic 
syntheses on a simple but purely formal basis which, once it is mastered, should 
provide a quick survey of the situation regarding a particular synthesis and 
enable the research worker to use the book for immediate reference in the 
laboratory, as the author intends it to be done, without there being the need 
for first searching the entire literature. An alphabetical subject index has 
also been given for the benefit of those who are accustomed to the usual 
classification into types of compounds, reactions and authors after whom 
methods may be named, etc. This should provide ready guidance for such 


readers. 

This seriese of publications does not lay claim to replace original papers or 
to abstract journals, reference to which is necessary if it is desired to carry 
out a particular synthesis. It is for this reason that descriptions of reactions 
are given as briefly as possible, these being intended according to the author as 
“an appraisal of the applicability of a desired synthesis”, important literature on 
the subject being included. 


The get-up and printing of the book are up to the high standard of S. 
Kargar’s publications. At a time when the ever-swelling flood of publications 
in Organic Chemistry makes reference to a particular synthesis more and more 
difficult, this comparatively slim volume of 360 pages containing a mine of 


information should be welcome to the research workers in Organic Chemistry. 
B. B. D. 


Technique of Organic Chemistry. Vol. IV. Distillation. Edited by 
Arnold Weissberger. Published By Inter-Science Publishers, New York, 
1951. Pp. 668. Price % 14.00. 

The book comprises seven chapters:—Theory, ordinary fractional 
distillation, extractive and azeotropic distillation, distillation of liquefied gases 
and low boiling liquids, distillation under moderate vacuum, distillation under 
high vacuum and sublimation. The different chapters have been contributed 
by nine authors. : 


For ordinary fractional distillation ‘the general theory, vapour-liquid 
relationships of binary and multicomponent systems, differential equations of 
performance, effect of variables like hold-up, reflux ratio and relative volatility 
on batch distillation, description and method of operation of various types of 
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distillation columns, have been elaborately dealt with. The technique, appa- 
ratus and theory of distillation of low boiling liquids and of extractive, azeo- 
tropic and molecular distillation have been fully discussed. The chapter on 
sublimation deals with the principles and operation of different types of subli- 
mators. Latest references and standard nomenclature used in distillation calcu- 
lations have also been included in the text. 


The book has been written for the purpose of acquainting the organic 
chemists with the techniques and tools used in distillation practice and is thus 
mainly confined to batch distillation. Elaborate design calculation required 
in the field of chemical engineering is not given, neither is it expected in a book 
of this type. But fundamentals of design have been discussed, which make the 
book useful to the chemical engineers as well. 

Illustrations have been given in the text to show the applicability of differ- 
ent theories and equations, but their numbers are few and inclusion of more 
illustrative problems would have been useful. The book does not contain a 
table of azeotropes and vapour-liquid equilibrium data of binary mixtures, inclu- 
sion of these would have enhanced the utility of the book. 


The book is an exhaustive treatise on distillation and has removed a long- 
felt want of a suitable treatise on the subject. Organic chemists and chemical 
engineers will find the book quite useful. S. K. N. 


Technique of Organic Chemistry. Edited by Arnold Weissberger: Vol. 
V. Adsorption and Chromatography by Harold Gomes Cassidy. Published by 
Inter-Science Publishers, New York and London, 1951. Pp. 370. Price $ 7.00. 


Two-thirds of this book is on adsorption and allied phenomena and the 
rest is devoted to chromatography. The vast amount of literatures on adsorp- 
tion have been summarised and critically interpreted in so far as it is necessary 
for the elucidation of the problem on hand. Generalisations on adsorption 
with reference to liquid-liquid and solid-liquid interfaces have been given and 
form the main part of the work in chapters III, IV and V. Chapter I covering 
40 pages contains definitions and significance of terms used in adsorption. In 
chapter II there is a complete discussion of different isotherms and the factors 
affecting their measurements. The language and expressions used in these pre- 
liminary chapters are not lucid and easy. To quote a single example, chapter 
III opens with such a definition : “The most important property influencing the 
nature of the solution is the solubility of the solute, the inverse of the escaping 
tendency of the adsorptive molecules from solution”. The word solubility is 
clear enough. Solubility of a solute cannot be a property of solution. 

Adsorption has been treated in relation to different properties of the 
adsorptive—like surface tension, influence of functional groups of organic subs- 
tances, molecular weight, melting point, shape of the molecules, dielectric 
constant, polarisability and the hydrogen bonding ability. Traubes rule and 
Woleys researches have been fully discussed. 
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Chapter V gives interesting and useful information of the choice of 
eluents, which could be used in any chromatographic study. In the following 
two chapters chromatograph is treated as one of the separation processes and 
the importance of chromatographic adsorption is well brought out in such sepa- 
rations. More details about the biographical nature of adsorbent in relation to 
adsorption would have been welcome. 


In chapters VIII—XI on theory and practice of chromatography a clear 
exposition of the subject is given. Ion-exchange methods and part'tion chro- 
matography have been dealt with in chapters [X and X. 


The discussions are good and critical and the edition is well got up with 
plenty of references and index. Though there are standard books on adsorption 
and chromatography separately, the present book is a welcome one in that it 
provides material bearing on adsorption and chromatography and should prove 
invaluable to workers in this and allied fields. B. S. S. 


Methods of Vitamin Assay. Prepared and edited by The Association 
of Vitamin Chemists, Inc. 2nd Edition. Published by Inter-Science Publishers 
Inc., New York, 1951. Pp. 301+xvuitt. Price $ 5. 50. 


This second edition is about 50 percent larger than its first edition which 
appeared in 1947. Six new chapters have been added, five of them are on 
assay methods regarding pantothenic acid, pyridoxine, folic acid, biotin and 
B ;g—and the sixth one is onthe microbiological assay technics. A chemical 
method has been added to the chapter on niacin. Most of the chapters 
presented in the first edition have been revised and pertinent informations 
regarding the assay technics available in the current literatute including 
modifications and changes suggested by users of the first edition have been 
incorporated. In the first chapter, the application of statistics to sampling has 
been rewritten and presented in a much better way. In view of the facts that 
microbiological assay technics often possess many advantages regarding speed 
and requirements of space, labour and materials and that other available methods, 
particularly chemical methods, are in many places defective due to lack of 
specificity and quantitative aspects, the incorporation of a chapter on microbio- 
logical assay procedures including their minor details has been a valuable 
addition to the manual. Asa matter of fact, only microbiological methods have 
been recommended for the determination of all the 5B-group Vitamins newly 
added to this edition. 


Although there is much scope for rapid improvement and alteration in 
vitamin methodology as days will pass on, it is already a huge and painstaking 
task to co-ordinate the vast amount of literature on such a complex subject and 
present in a readily available form. It has only been possible to present this 
volume due to co-operation and combined knowledge of many experienced 
investigators. The Association of Vitamin Chemists are certainly to be 


congratulated for this contribution. 
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The manual will be found to be indispensable to all analysts interested 
in the vitamin work. U. P. B. 


Comments on “Soil Science”. By A. N. Puri. Published by Minerva 
Bookshop. Pp. 156. Price Rs. 8). 


The reviewer has not come across any printed matter full of so many 
inexact statements in so small a volume. It is perhaps too ambitious to believe 
that the experimental results,jhowever important they might be, obtained with 
the soils from some corners of the Punjab territory, could form the fundamental 
topics of an elementary text book of soil science. In fact, most of the chapters 
are conspicuous by absence of the relevant fundamental concepts, which are 
replaced by controversial topics, sometimes unrelated to the subject matter 
proper. 


The following gleannings will serve to illustrate the kind of elementary 
and fundamental chemistry and soil science the author has endeavoured to 
cater to the younger students, primarily those of ‘border line’ sciences. “......... 
by common consent fx 7 is considered to be the neutral point ( p, 14); a soil 
is an aggregate of particles only ( p. 16 ) ; sulphuric acid is stronger than acetic 
acid because the former burns the skin and. produces holes in the cloth ( p. 13 ) ; 
Na in Na—soil is chemically combined( p. 28}); In an ‘average’ soil particles 
of all sizes from. 0.000001 millimeter to 1 millimeter may be present ( p, 70 ) ; 
the property of water that makes it difficult to lift anything from its surface is 


known as surface teasion ( p. 123 ).” 


The section on soil manures which also includes a discussion of soil organic 
matter is too sketchy. Good portions in chapters on salts in the soil and soil 
mechanics could be usefully curtailed. The chapter on soil moisture makes no 
mention of the more modern and advantageous concepts of soil moisture 
relationships. 


The author should have been systematically more cautious in more than 
one occasion. 


Thanks to the publisher, the printing lapses are far less numerous than the 
factual mistakes; some of the former, however, sensibly verge on simple 
grammatical errors. S. K. M. 


Science Liaison, UNESCO. The activities of the Field Science‘Co-operation 
Office of the UNESCO is too well known to require any fresh introduction. 
This book gives an excellent but concise account of the ideas and activities 
of this office throughout the world. It has been stated in the preface 
that the “present booklet is addressed to the educated people everywhere but 
it should be of particular interest to those who live in under-developed areas”. 
This line clearly indicates the purpose of the book. In this ‘One World’ made 
possible by the advancement of the science, the importance of co-operation 
and mutual understanding amongst scientists cannot be exaggerated. We think 
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every educated and cultured man will read this booklet with keen interest. The 
book will certainly help foster mutual understanding and appreciation. S. N. M. 


Die Chemische Affiaitit. By Prof. Dr. Ing. Egon Wiberg: First 
Edition, 1951. Published by Walter De Gruyter & Co., Berlin. 254 pages. Price 
24 D. M. é 


According to the author, “The book is an introduction to the teaching 
of driving force of chemical reactions.” A chemical change does not take 
place of itself if only stoichiometrical relations in the equation as written on 
Paper are satisfied. 


The equation, N?+2H20—>NH‘+NO2, is stoichiometrically correct. 
Lewis and Randall have shown that preparation of even one-millionth of a 
g.moi. of ammonium nitrite according to this reaction will require a pressure 
of 105' atmospheres. Inspite of the intensive and comprehensive teachings 
of thermodynamics dealing with entropy, free energy, maximum work, and 
equilibrium constants for the last seventy-five years, many otherwise able 
chemists sometimes try in vain to accomplish the impossible. 


The author has treated the subject exhaustively and entirely from the 
standpoint of the three laws of thermodynamics. A large number of graphs and 
tables of data—experimental and calculated—have been given. The real 
significance of the first two laws in determination of the driving force for 
chemical reactions has been very ably demonstrated. But the treatment of 
the third law in predicting the direction and intensity of a reaction has not 
been equally satisfactory. This treatment could have been more direct and 
concise. 


To avoid confusion, throughout the treatment fewest possible symbols, 
internationally accepted, have been used. 


The book has fulfilled its purpose and it will render great help to all 
persons interested in thermodynamics, specially Chemical Affinity, because 
here they will find in one book all relevant theories and data. H. L. R. 


Surface Activity. By J.L. Moilliet & B. Collie. Published by Spon’s 
Industrial Chemistry Series ; E. & F. N. Spon Ltd., London. Pp.379. Price 55sh. 


In this ‘monograph the authors have made a successful attempt to 
establish a relation between chemical constitution and surface activity. The 
action of synthetic surface-active agents and the phenomena of interfacial 
processes have been explained from the physico-chemical point of view in the 
first four chapters constituting Part-1 of the monograph. In Part-2, consisting 
of five chapters, the technical applications of surface-active agents, namely, 
wetting out and water-proofing processes, preparation of emulsions, dispersions 
of solids in liquid media and detergent processes are dealt with in details in the 
above perspective in a manner which would prove useful to both industrial 
chemists and academic research workers, The chemical constitution of the 
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surface-active agents is discussed in the third and concluding part. This part 
is divided into six chapters to facilitate dealing with the different categories 
of surface-active agents namely, the anionics including sulphonic acids and 
their salts, alkali sulphates and other miscellaneous types, the cationics, the non- 
ionics and the other classes of surface-active materials not readily classifiable 
under the previous headings. Some of the more important methods of 
preparation and specific uses of the surface-active agents have been briefly 


described with copious references mainly drawn from Patent literature and 
the BIOS and FIAT reports. 


References cited are printed at the bottom of the corresponding pages. 
There is also an index on trade names. The printing is excellent. 
. B. K. M. 
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KINETICS OF THE REACTION BETWEEN IODINE AND MALONIC ACID 
By A. N. KAPPANNA AND E. R. TALAty 


The reaction between malonic acid and iodine, dissolved in a solution of potassium iodide, has 
been investigated kinetically at 62° and at72° It is found to be bimolecular with respect to iodine 
and monomolecu'ar with respect to milonic acid. Addition of hydrochloric acid retards the reaction, 
indicating that the malonate ion is the real reactant. Potassium iodide diminishes the reaction rate 
by lowering the concentration of ‘‘ free "’ iodine. From this study, it is concludei that the reaction 
does not involve any prototropic change, similar to that accepted in the case of the corresponding 
reaction between bromine and malonic acid. 


Meyer ‘Ber., 1912, 45, 2864) made a kinetic stu ly of the reaction between bromine 
and malonic acid and found the reaction to be unimolecular and independent of the 
concentration of bromine. He therefore concluded that the rate-determining reaction 


was the enolization, 
HOvOC.CH,.COOH—>HOOC.CH:C'O 1)», 


subsequent reactions being extremely rapid compared to this. 

West (J. Chem. Soc., 1924, 125, 1277) considered Meyer's conclusions to be based on 
insufficient data and repeated the work in aqueous solution at o° in greater detail. He 
observed that hydrobromic acid was without any influence on the rate of the reaction 
and suggested that the reaction took place in two stages. Monobromomalonic acid is 


first formed asa result of a unimolecular reaction, similar to that proposed by Meyer 


‘loc. cit.). The second stage consists of a rapid enolization, followed by a measurable 
bimolecular reaction between the monobromomalonic acid and bromine. He explains 
this by putting forth the view that the strain at the central carbon atom due to bromine 
favours enolization, and for the same reason it is difficult to introduce the second bromine 
atom. ‘Therefore, bromination of the monobromo-acid is a slow bimolecular reaction, 


rapid slow rapid 


—CHBr.CO— —— —CBr:C'OH)— ——> —CBr, .C‘OH}Br- ——> —CBr,.CO— 


He followed the reaction colorimetrically, as direct volumetric estimation of bromine 
was rendered impossible due toa reaction of potassium iodide with the bromomalonic 
acid. 

The work of West has received wide attention on account of the fact that it suggests 
the possibility of prototropy in the case of a dicarboxylic acid like malonic acid. 


between iodine and malonic acid. ‘This reaction, however, has not been investigated to 
the same extent. Nylén (Kgl. Norske Videnskab. Selskabs, Skrifter 1938,. No. 2, p 19) 
has observed that at fx less than 1, practically no iodine reacts with malonic acid, but at 
pu greater than 5, the theoretical amount of iodine for the following reaction is 
used up: 

CH,(COOH), + 1,===CHI(COOH), + H* +I, 
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To avoid the possibility of the formation of diiodomalonic acid, monoalkylmalonic 
acids were used. All the reactions were found to be unimolecular. Determination of 
the rate of reduction of diiodomalonic acid with iodide ion showed this reaction also to 
be unimolecular, and this was taken as a proof for the above reaction. 


The literature does not contain any reference to the isolation of monoiodomalonic 
acid; but diiodomalonic acid was prepared by Willstitter (Ber., 1902. 35, 1374) through 
iodination with iodine and iodic acid in presence of cold formic acid. It decomposes 
very readily to give iodoacetic acid. 

The present investigation was undertaken in order to elucidate the mechanism of 
iodination of malonic acid, particularly with a view to ascertaining any similarity of the 
course of the reaction with the bromination. 


EXPERIMENTAL 


All chemicals. used were of A. R. quality. The solutions were prepared in distilled 
water. Malonic acid solution was prepared by dissolving a known quantity 2f the 
pure, dry acid in water and making up the vo'ume toa definite amount. The strength 
was further checked by titration against standard alkali, using phenolphthalein as an 
indicator. The strength of the iodine solution was determined by titration against a 
standard solution of sodium thiosulphate. 


A few test runs showed that malonic acid reacted very slowly with iodine, dissolved 
in a solution of potassium iodide, at room temperature ‘30°), but at 60°-70°, the reaction 
proceeded at a rate which: could conveniently be measured. ‘The reactants were contained 
in a closed flask, which was imniersed in a thermostat maintained at a steady tempera- 
ture (within +0.1°). The reaction was followed up by withdrawing from time to time 
a5c.c. of the solution intoa large excess of cold water in order to “‘ freeze ’’ the 
reaction and then immediately titrating the residuai iodine against a standard solution 
of sodium thiosulphate, using starch as an indicator. 


Preliminary Experiments to determine the Nature of the Reaction 


(i). In experiments with concentrated solutions of malonic acid and iodine, we 
observed, even on prolonged heating at 60°-70°, that it was not possible to ascertain 
the amount of iodine used up bya given quantity of malonic acid, due to the fact 
that with the accumulation of iodomalonic acid in sufficient quantity in the mixture, 
the subsequent decarboxylation of this acid and the reaction of the resulting iodoacetic 
acid with iodide ion (Nylén, loc. cit.) began to make themselves felt. This complica- 
tion, however, was not manifest if we started with solutions containing relatively very 
small concentrations of iodine, for example, 0.05M-malonic acid and 0.005M-iodine. 
In such solutions, decolorisation of iodine takes piace in some hours at 60°-70° and it 
is possible to follow the reaction kinetically, since the subsequent reactions of decom- 
position products are extremely slow and do not interfere with a kinetic study of iodina- 


tion at such dilutions. 
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(ti). The rate of disappearance of iodine is diminished by the presence of hydrochloric 
acid. This militates against the idea of any prototropic change in the malonic acid. 

(iti). The addition of potassinm iodide also retards the reaction, showing that the 
real reactant is ‘‘ free ’’ iodine, as in the case of most halogenation reactions. 


Kinetics 


The order of the reaction with respect to iodine was determined at 60° by keeping 
the initial concentration of malonic acid very large in comparison with that of iodine. A 
typical set of values thus obtained is given below (Table I). 


TABLE I TABLE II 
o 05M-Malonic acid, 0.005M-total iodine, Temp.=60°. 0.02M-HCI. 
v.03688M-KI; 25 c.c. for each titration. Rest, same as in ‘Table I. 


Temp. =60°. 


Time. * Titre values. Kuni, Kpi. Time. * Titre values. Kuni, Kti, 
© min 23-05 sen eee o min. 23-7 dens oo 
30 21.45 0.003678 0.8110 30 22.55 0.€01650 0.3587 
60 19.4 0.003512 0.8160 60 21.3 0.001777 0.3962 
go 17.6 © 003425 0.8369 go 20 4 0.001665 0.3793 
140 15-4 0.003155 0.8279 120 19 55 0.001604 0.3732 
230 12.35 0.002880 0.8526 180 17-905 0.001543 0 3755 
320 10.2 0.002667 0.8794 240 16.65 0 001471 0.3723 
410 8.45 0.0026 2 0.9340 360 14.5 0.001365 0.3719 

485 12.65 0.001294 0.3801 


* Expressed as c c. of 0.01N-thiosulphate. Mean 0.3759 


From Table I, it is seen that the unimolecular coefficient, Kuni, goes on diminishing 
with progress of time, whereas the bimolecular one, although showing a tendency to rise 
later with progress of the reaction, is much more steady, especially on the addition of 
hydrochloric acid (vide Table II). 

Figures in Table II show that hydrochloric acid, added initially to the reaction 
mixture, slows down the reaction considerably, wheréas, if a prototropic change were 
involved, the effect should have been quite the other way. 

Good termolecular constants were obtained when the initial concentrations of the 


two reactants were kept equal (vide Table ITI). 
TABLE III 


0.005M-Malonic acid, 0.005M-total iodine, 0.025M-HCIl, 0.04M-KI; 25 c.c. for 
each titration. Temp. = 70° 


Time. Titre values. Kter. 
(c.c. of 0.01N-thiosulphate) 


oO min. 24.25 me 
60 22.5 57-225 
100 21.5 57.850 
152 20.4 57-750 
220 19.2 57-525 
260 18.45 59-475 


Mean 57.995 
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Hence, the order of the reaction appears to be 2 with respect to iodine and 1 
with respect to malonic acid, making the reaction a third order one. The obvious 
inference is that no prototropic change is involved and that diiodomalonic acid is 
straightaway formed and not through the initial formation of monoiodomalonic acid. 
This also explains why the monoiodo-acid has not been iso’ated thus far. 

In order to study the effect of addition of hydrochloric acid more fully, a series of 
experiments were carried out with different concentrations of hydrochloric acid, keeping 
those of the reactants and potassium iodide the same for all the runs. ‘The results are 
summarised in Table IV. 


TABLE 1V 
0.05M-Malonic acid, 0.005M-total iodine and 0.03688M-KI for all the experiments. 


Temp. =60°. 


fHCi} 1 Robs. Rol 
(Cone. of HC] ~ . (observed bimol. const.) moe 
eae ere fc) . _— 1/THCH *? 

M/100 100 0.5560 5.6 
M/60 60 0.4312 7.2 
M [so 50 0.3759 75 
M/40 40 0.3230 8.1 
M/30 30 0.2537 8.4 
M/20 20 0.1554 7.8 
M/10 10 0.0776 7.8 


The diminution of the reaction rate with increasing concentration of hydrochloric 
acid shows the real reactart to be the malonate ion, HOOC.CH,.COO-, rather than the 
undissociated acid itself. If this be the case, then 


dx : 
- = k. f F -. 
a = a [A] [Cr] 


where [ A] denotes concentration of the malonate ion and [C,] that of the “‘ free "’ iodine. 


But ra) = [HA] 


where K is the primary dissociation constant of malonic acid 
Therefore, substituting for [A], we get 


dx _, K.[HA] 2 
: = =k. rH’) FGF. 


We must express [C, ] in terms of [C;], (concentration of total iodine), since it is the 
latter quantity that we measure in our experiments. 


Now KI, qe=== KI +1. 
he KI] [Cy] 
| x1.) = (KILGT 
» (en) = 


where Kk’ is the triiodide equilibrium constant. 














- 
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But [Cr] [C,]+([KIJ,]. 


con Af), 


[c,] = [cv]. gna) ) 


di =H “rT Gaara ). ler} Ut) 


In the series of experiments mentioned in Table IV, the concentration of malonic acid 
was kept high in comparison with that of the total iodine. ‘Therefore, [HA] may be 
assuined to be constant. Similarly, [KI] and [H*] are constants. 


ne ~ = kors. [C+]*, kor denoting the observed bimolecular constant. 
K. [HA] ) ( K’ ) - k’ ; 
Robs = u( XL a —— = — 9 ooo |=) 
, [H*] K’+(K1] ~~ fm] 


> oly 
here k’ = k, K. , [ a }. 
where [HA] R’+ [RI] 


Hence, if kors be plotted against , a straight line, passing through the origin 


1 
[H*) 
should be obtained, whose slope = k’. Since [H*] is practically the same as [HCI], 
especially for concentrations of hydrochloric acid greater than M/6o0, 1/[HCl] can be 
plotted instead of 1/[H*] in our case. 
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The plot of kote against 1/[HC1] from values given in Table IV is actually found 
to bea straight line, passing through the origin (Fig. 1), thus proving the validity of 
equation (2). As may be expected, there is a deviation from the straight line relation- 
ship for the smaller concentrations of hydrochloric acid (less than M/60), since in these 
cases, the relation [HC1]=[H*] obviously does not hold good in the presence of M/2v 
malonic acid. Moreover, the value of K, the dissociation constant of malonic acid, 
calculated from the slope of the graph and the initial value of Kiiin Table I, is found 


to be approximately 2 =x 10~*, which has the same order as that recorded in the literature 


(1.6 x 107°). 

We next performed an experiment at the same temperature (60°), using a mixture 
containing an equivalent amount of sodium hydrogen malonate (o0.05M) instead of the 
malonic acid, the concentrations of potassium iodide (0.0369M) and of iodine ‘0.005M) 
being the same as in ‘I'ables 1, II and IV. Most of the iodine disappeared almost 
instantaneously, thus showing conclusively that the real reactant is the malonate ion, 
HOOC.CH,.COO”™, and not the undissociated acid. 

The effect of the addition of potassium iodide was then studied at 60°. Our results 
are summarised in Table V. 

TABLE V 


c.05M-Malonic acid, 0.005M total iodine and 0.025M-HC1 in all the experiments. 


Temperature = 60°. 
I 


[KI} [| KI)?. Robs. x « 
(g. mols. per litre). 7 (observed bimol const.) Robs 
0.02223 0.0004943 0.4762 2.1020 
© 03694 0.001365 © 3230 3.0960 
0.04 0.0016 0.2861 3-49.0 
0.06 0.0036 0 1340 7.464 
0.08 0.0064 0.0795 12.584 
0.10 0.0100 0.0507 19.744 
0.12 © O144 © 03618 26.200 


From these results it is evident that only the “free "* iodine takes part in the 
reaction. 


Equation (1) is 
dx (K-UHal) ’ > ee 
dt [H* | K'+ [KI] ) }¢r] 


Since [HA], [H*] and [K1] are kept high in comparison with [C;] (Table V), we have 





“ =ke. [C,]*. 
keh, = (244!) ( RTE y 7 es &) 
=say C (7am Z where C = aa ee 


1 _(K'+[KI])*_ 1 4 2[KI] , (KI)? 


Robs cz Cc Ce’ Cae 
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Now, K’ is of the order of 10~° and [KI] of the order, 10°' to ro~*. Therefore, the 
second term on the right hand side can be neglected in comparison with the last term. 
Hence we can write 


PS [KI]? 


in ©¢ Ca”. 


The plot of 1/kovs against [KI]* at a fixed temperature should therefore be a straight 
line and this is actually found to be so when the values given in Table V are plotted 


(Fig. 2). The intercept "5 and siope = ——-. 


From this graph, the value of K’ at 60° was calculated and found to be approximate- 


-*. This value is about ten times that recorded in the literature. ‘This dis- 


ly 13X10 
crepancy can be accounted for to an extent on the basis that a slight variation in the 
intercept causes a tremendous change in the value of K’. For obvious reasons, the 
experiments cannot be carried out at concentrations of potassium iodide less than that 
required to keep the iodine in solution, and thus a certain amount of error is introduced 


in the extrapolation. 


Temperature Coefficient of the Velocity of Reaction 


TABLE VI 
0.05M-Malonic acid, 0.005M-total iodine and 0.025M-hydrochloric acid in all the 
experiments. 
[KT] Robs (90°) Robs, 7 )* k 70 
(g mol./iitre). Ratio °'"s 
g mol./i ) ; of # _ (60° 
0.02223 0.4752 2.112 3 04 
0.03664 0.3230 1.078 3-37 
0.04 0.2861 0.935 3.39 
0.06 0.1340 0.4420 3.52 
0.03 0.0795 o 2766 3-59 
0.10 0.0507 0.1801 3.50 
0.12 0.03618 0.1313 3.65 
o.co (by extra- 2.0 
polation) 


From plots of ~ : 
Rob 


ob: 


* 


against [KI}? 


‘Table VI gives the results of experiments, carried out with reaction mixtures 
containing 0.05M-malonic acid, 0.005M-iodive, 0.025M-hydrochloric acid and varying 
amounts of potassium iodide at 60° and 70°. The last column in the table gives 
the ratios, 

Robs.‘ 70°) 


R ots,(60° ) ; 








652 A. N. KAPPANNA AND BE. R. TALATY 
calculated from the plots 1/kobs against [KI]* at these two temperatures (Fig. 2). The 


Fig. 2 


ie : a 





nN 
wn 
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1/Robs—> 
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| KI, |? x 10f —> 


variation in the temperature of coefficient with the concentration of potassium iodide 
would be readily understood by a reference to equation ‘3}, which shows that ko; includes 





/ 


ba (See) (ether) 


The value of ki; extrapolated to zero conceutration of votassium iodide gives a tem- 
perature coefficient of 2. Even this includes, in this pary.wular set of experiments, 


at the two teinperatures. Consequently, when corrections are introduced for tliis, we 
would get a temperature coefficient even lower than 2 for the actual termolecular velocity 


the ratio of 


coefficient—a very natural value for a third order reaction. 
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STUDIES IN THE BEHAVIOUR OF BI-UNIVALENT SALTS IN 
AQUEOUS SOLUTION. PARTI. LEAD NITRATE 


By S. Natu, S. Ap:rryvA AND B. PRASAD 


The E.M.F. of the following types of the cell 
PhxsHgy | Pb (NE I3)5 Pb(NOs3)9 ! HgyPbx, and Phx Hgy | Pb (NO;), | Pb (NO;). | Hg, Phs 
‘a Cs om Co 
where PhxHgy represents a two phase amalgam of Pb and Hg were studied at a nutnber of concentra- 
tions of lead nitrate. These experiments show that lead nitrate is completely dissociated in dilute 


+4 7 


aqueous solutions rp too 05 molal. Transport number of Pb in lead nitrate has also been calcu'ated 


at a number of concentrations by studies of the ceil of the second kind 

Barium chloride amongst the bi-univalent electrolytes has the greatest probability 
of complete dissociation. The comparison of the plots of (a) Q (equivalent conductance) 
against ¥C, and (b) conductance ratio 2/O, against C, of lead nitrate with the corres- 
ponding plots of barium chioride leads one to suspect that lead nitrate may not be 
completely dissociated. The dissociation of lead nitrate has been studied by Davies 
(Trans. Faraday Soc.. 1927, 28, 354 ; 1930, 26, 592) by conductance methods. He has 
computed the dissociation constant of PbNO*, e== Pb**+ NO, to be 6.47 * 10%, 
He has worked on certain assumptions as to the standaid behaviour of the bi-univaient 
salts. He has used various methods of approximations, a review of which is given by 
Harned and Owen (“Physical Chemistry of Electrolytic Solutions’). It was considered 
worthwhile to examine Davies’ interpretation from the potentiometric measurements. 

The cells of the type : 

Hg;Pbx | Pb (NO,), || satd. NH,NOQ, || Pb (NO,), | PbsHgy, 

C, 2 
were studied. 

In such a study liquid junction comes in. But it has been found that the liquid june- 
tion potential in the case of saturated NH,NO, or KCI bridge is nearly eliminated. Several 
experiments on calomel concentration cells using HCI and a chloride on the two sides 
with liquid junction of KCi or NH,NO, were also performed. ©Our observations show 
that the liquid junction potential with saturated KCl or NH,NO, bridge is never more 
than one millivolt. As KCl could not be used NH,NO, bridge was adopted. it was 
shown by Puschin (7. anorg. Chem., 1903, 36, 201) thet all lead amalgams having a 
percentage of lead between 1.8 and 66 exhibited the same electromotive force. 
Henderson and Stegeman (J. Amer. Chem. Soc., :918, 40, 84) confirmed the resulis 
between 2.5% and 6%. These results also follow from the phase ‘diagram of the system 
lead and mercury, as it is found that for the above mentioned percentages the system isa 
two-phase amalgam in which the composition of both the phases is fixed. So lead 
amalgam of about 4% was used. Cells of the type 

HgyPbx | Pb {NO,).| Pb ‘NO,), | PbsHg, 
C, Cc, 
were also studied to throw light on the nature of Pb (N,)}, in solution. 


2—1777P-—12. 
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EXPERIMENTAL 


Analar quality lead nitrate was recrystallised and analysed. The amount of lea 
found was 99.8% of the theoretical value. ‘The amalgam was prepared by electrolysing 
10% (g./1ooc.c.) lead nitrate solution with redistilléd mercury cathode arid platinum 
anode. In order to avoid lead peroxide formed at the anode falling on the amalgam, 
the anode and cathode compartments consisting of beakers containing the lead nitrate 
solution were joined together by an inverted U tube containing the same solution. 
The electrolysis was continued till the lead liberated at the cathode was about 4% (3.81% 
by actual analysis) of the mercury taken at the cathode. The amalgam was washed, 
dried and kept in a flask in an atmosphere of carbon dioxide. Ata temperature above 
60° the ainalgam became an one-phase system. It was transferred to half cells in carbon 
dioxide atmosphere by heating it on a water-bath. On cooling to room temperature it 
became a two-phase amalgam once again. The solutions were put in the half cells after 
the amalgam and the solutions were replaced once or twice to be sure that correct 
equilibrium had been attained. The bridge used was of the type used by Guggenheim 
(J. Amer. Chem. Soc., 1930, 52, 1311). The U tube and its stopper had the same 
diameter i. ec. 3 mm. ‘The entire assembly with bridge is shown in Figure 1. Each 
experiment was done in duplicate and the duplicates agreed within 0.2 mv. For 

















performing duplicate experiments four half celis were required, two of which had the 
same composition. These half celis having the same composition were always checked 
against each other by joining them together with a rubber tube containing the same 
solution and seeing that the E. M. F. developed was not more than o.2 mv. The 
temperature was noted in each case and E. M. F. was converted to 25° by using 


E, = T, 
E, T. 
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Fox the study of the cells of the type, 
HgyPb;x | Pb(NO,}, | Pb(NO,),| PbsHgy, 
“J x 
the half cells were filled as in the other case. They were joined together by U tubes con- 
taining the solution of the higher concentration. Even when joined by a beaker contain- 
ing solutions of the higher concentration the readings were the same. 





TABLE I. 
Cone. E.M.F (obs.). Temp. E.M.F (obs.) *EM.F. — E (obs.) —E (calec.). 
converted to 25°. (cale.) at 25° 
0.01-0.02 0.00628 volt 27.0° 0.00624 volt 0.00613 o.1m.volt 
01-0 03 © 00970 26.7° 0.00964 0.00904 0.6 
0.01-0.04 0 01170 26.7° 0.C1163 0 01116 0.5 
0 O1-0.05 0.01343 27.5° 0.01332 0.01251 0.8 
0 O1-0 06 0.01470 27.8° 0.01454 © 01339 1.2 
0 005-0.01 0.00723 24.7° 0.00724 0.00627 1.0 
©.00§-0.02 0.01365 239° 0.01370 © 01240 1.3 
0.005-0.03 0.01660 23.4° 0.01669 0.01531 1.3 
0 005-0.04 0.01890 24.3° 0 01895 0.01743 1.5 
0.005-6.05 0.02078 25.6° 0.02075 0.01876 2.0 
0.005-0.06 0.02170 27.6° ©.021§2 0.01965 19 
0,02-0.03 0 00325 24.3° 0.00326 © 00291 0.3 
0.02-0 04 0.00510 24.4° 0.00511 0.00503 o., 
0.02-0.05 0.00700 25.2° 0.00699 0.00638 0.6 
0.02-0.06 0.00795 24.5° 0.00796 0.00726 0.7 
© 03-0.05 0 00380 25.0° 0.00380 © 00347 0.3 
0.03-0 06 0.00470 25.0° 0.00470 0.00435 0.3 
© 04-0.06 0 002%0 25.1° 0.00289 0.00223 0.6 
0.0020 005 0.01055 22.9° 0.01062 0.00887 1.7 
* Cale. from E= RI log Cin 
2F Cove 
TABLE II 
Concentration. E.M.F (obs.). Temp. E.M.F (obs.) * E.M.F (calc). 
(1) (2) converted to 25°. 
0.01 0.02 0.01130 volt 27.0° 0.01125 0.01069 
0.01 0.03 0 01760 27.0° 0.01748 0.01650 
oO1 0.04 0.02200 26.2° 0 02191 0.02045 
0.01 0.05 0 02593 26.9° 0.02576 0.02345 
0.01 0.06 0.02830 27.6° © 02804 0.02583 
0.005 0.01 0.01235 24.8° 0.01236 0.01138 
0.005 0 02 0.02405 24.0° 0.02413 0.02206 
0.005 0.03 0.02980 23.9° 0.02990 0.02789 
0.005 0 04 0.03280 24.0° 0.03291 0.03184 
0.005 0 05 0.03790 26.0° 0.03777 0.03483 
0.605 0.06 0.04000 26.5° 0.03980 0.03722 
0.02 0.03 0.00625 24.3° 0.00626 0.00583 
0.02 0 04 0.01015 23 8° 0.01019 0.06978 
0 02 0.95 0.01340 24.1° 0.01344 0.01277 
©.02 0 06 0.01580 24.9° 0.01581 0.01516 
0.03 0.05 0.00755 25.0° 0.00755 0.00695 
0.93 0.06 0.00975 25.0 0.00975 0.00933 
0.04 0.06 0 00585 24.5° 0.00586 0.00538 
0.002 0.005 0.01670 23.1° 0.01681 0.01572 
“ RTt a, Pb (NOa)o 
* from E.= 32 2" log “L 2 
Cale. from te og aaPb (NOs), 
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DISCUSSION 


The E. M. F of the cells of the type 
HgyPb:x ! Pb{NO;). | Pb(NO,), | HgyPbs at 25° are given-in Table I. 
C) Ce . 
The E. M. F of the cell can be represented by the equation 


Ci): 
Cs¥2 
where C, and C, and y, and y, are the concentartions and the activity coefficients of the 
Pb** ions in the two solutions. ‘The activity coefficient of the Pb** ions will not 
change with temperature as solutions of lead salt at the concentrations us2d will behave 





E = FP! tog 


like semi-ideal solutions, where no change takes place in the activity coefficient due to 
change in temperature. Now, to calculate the E. M. F. it is required to know the activity 
of the Pb** ions in solution. The activity of Pb** has been’ calculated from the 
knowledge of the activity coefficient of Pb(NO;)., KNO; and KCl (given in Landolt, 
Bronstein, Roth and Scheel Tables) on the lines suggested by G. N. Lewis (‘“Thermodyna- 
mics’, Lewis & Randal, 1923 Ed., Chapter XXVIII, p. 380). These calculated values of 
EK. M. F. given in column 5 agree [fairly well with those in column 4 when the concen- 
trations on the two sides do not differ much. When the concentrations differ a great deal, 
the difference between the calculated and the observed values of I. M. F. also increases. 
This may by either due to the diffusion potentiay not being completely eliminated 
or dué to the PbiNO,), being almost completely, but uot completely, dissociated 
in the solution, but the smallness of the difference shows even if the dissociation is not 
complete, it is almost complete. 
The readings for the cells of the type 
Hg}Pbx | Pb ‘NO,). | Pb ‘NO,), | PbsHg; 
- ¢. 

are given in Table II. The E. M. F of the cell of the above type is represented by 


a, Pb ‘NQ;), 





RTT hop 
ee a, Pb (NO). 


Nn Ww 


Here also appreciable error will not be introduced in converting the observed 
E. M., F. to 25° by taking E,/E = T,/T:>. 


The converted E. M. F. are given in column 4. Assuming the transport number 
from conductance data to be correct, the E. M. F. have been calculated. ‘They are found 
toagree well with the observed ones within the experimental errors. 


Following the method of Mactnnes (J. Amer. Chem. Soc., 1920, 42, 117) the 
transport number for Pb** has been calculated from the E. M. F data and the knowledge 
of activity coefficient of Pb (NO,). given 'n Londolt-Bornstein-Roth-Scheel Tables. 

When complex formation takes p! ce so that the simple cations in dilute solution 
become a part of the complex ions in the Concentrated solutions or when stepwise disso- 
ciation takes place, the t, is found to change much more than it would change due to 
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the change in ionic conductance with concentration. ‘he following table containing 
the t, of Ph (NO,), (calculated by the method of MacInnes) and t, in CdI, shows the 
contrast. 


TABLE III 
Cation transport number in Cdl, Transport number of Pb** in Pb(NOs)g. 

Conc. t,. Conc. $. 

0.005 0.445 0.020 (0.01/0.03) 0.465 

0.01 0 444 0.030 (0.02/0.04) 0.4738 
0.002 0.443 0.040 (0.03 /0.05) 0.4511 

0.05 0.396 0.050 {o 04 0.06) 0-4§01 

o.. 0.206 


From these observations it appears that lead nitrate is completely dissociated in the 


range of concentrations studied. 


MAYURBHAN]J CHEMICAL LABORATORY, 
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CONRAD-LIMPACH QUINOLINE SYNTHESIS WITH VARIOUS 
ARYLAMINES AND ETHYL BENZOYLACETOACETATE. 
PART I 


By S. A. KuLKARNI, V. M. THAKOR AND R. C. SHAH 


Aviline has been condensed with ethyl benzovlacetoacetate in presence of a trace of hydrochloric 
acid as a catalyst, an the resulting anil, vhen directly cyclised in boiling diphenyl ether, afforded 
in good yields 4-hydroxy-2-phenvl-3-acetviquinoline, obtained by Desai and Shah (this Journal, 1949, 
26, 121) along with 4-hydroxy-2-methyl-3-benz>ylquinoline, also obtained by the Friedel-Crafts 
benzoylation of 4-hydroxy-2-methylquinoline. Ortho- and para-toluidines on similar condensations 
furnished 4-hydroxy-2 :8-dimethyl-3-benzoylquinoline and 4-hydroxy-2 :6-dimethyl-3-benzoylquinoline 
respectively, the condensation taking place solely with the acetyl group. §8-Naphthylamine, however, 
yielded 4-hydroxy-2-phenyl-3-acetyl-5 :6-benzoquinoline, obtained by the method of Desai and Shah 
(loc. cit.), the reaction occurring with the benzoyl group. m-Toluidine and methyl anthranilate did 


not give any solid product 


The synthesis of 4-hydroxy-2-methylquinoline derivatives by the condensation 
of aniline and ethyl acetoacetate and subsequent cyclisation of ethyl acetoacetate-anil 
formed, and known after Conrad and Limpach (Ber., 1887, 20, 947), has been extensively 
investigated and various 4-hydroxy-2-methylquinolines have been synthesised. The 
studies have also included the effect of various catalysts like hydrochloric acid, piperi- 
dine, dimethylamine, etc., towards the formation of aml ‘Coffey, Thomson and 
Wilson, J. Chem. Soc., 1936, 858) and search for a suitable solvent for cyclisation. 
The solvents recommended for the purpose are paraffiu or inert oil, diphenyl ether, 
diphenyl, Dowtherm ‘A’, etc. 

‘Lhe extension of the method towards the synthesis of 4-hydroxy-2-phenylquinoline 
by replacing cthyl acetoacetate by ethyl benzoylacetate has not been found as success- 
ful, though aniline and m-chloroaniline have been condensed with ethyl benzoylacetate 
and the corresponding quinoline derivatives have been obtained (Conrad and Limpach, 
Ber.. 1888, 24, 521 ; Elderfield et al., J. Amer. Chem. Soc., 1946, 68, 1272). How- 
ever, no condensation has been carried out with C-acyl 8-ketonic esters. 

In connection with the work on the synthesis of 4-hydroxy-2-pheny]l-3-acetylquino- 
line, obtained ou cyclisation of the condensation product of benzanilide imidochloride 
with ethyl sodioucetoacetate ‘Desai and Shah, this Journal 1949, 26, 121) attempts 
were made to achieve another synthesis of the same which would further support the 
structure assigned to it. As attempts to get it by the Friedel-Crafts acetylation of 
4-hydroxy-2-phenylquinoline met with failures, it was thought of interest to explore 
the Conrad-Limpach synthesis with aniline and ethyl benzoylacetoacetate. Preliminarv 
experiments in this direction showed that two products were obtained on cyclisation 
of the intermediate anil, and hence a systematic investigation was undertaken (Kulkarni, 
Thakor and Shah, Curr. Sci., 1949, 18, 444). 

As can be expected, aniline can eliminate a molecule of water with ethyl benzoyl- 
acetoacetate in two ways, by reacting either with the carbonyl of the acetyl group or 
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of the benzoyl group, so as to afford either 4-hydroxy-2-methyl-3-benzoy!quinoline (I) 
or 4-hydroxy-2-phenyl-3-acetylquinojine (II) on final cyclisation with the elimination of 
alcohol. 

In the present case equimolecular quantities of ariiline and ethyl benzoylaceto- 
acetate were condensed using a trace of hydrochloric acid as a catalyst-and the resulting 
anil (an oil} suffered ring-closure with the elimination of alcohol in boiling diphenyl ether. 
The principal product isolated was found to be identical in all respects with tle product 
obtained by Desai and Shah (loc. cit.) on cyclisation of the crude condensation product 
of benzanilice imidochloride with ethyl sodioacetoacetate and has been assigned the 
structure 4-hydroxy-2-phenyl-3-acetylquinoline. 

The mother-liquor after isolation of the above product, when examined, furnished 
yet another product ‘as shown by different properties and depression of m.p.) in smali 
quantity, and it was found to be identical with the product obtained by the Friedel-Crafts 
benzoylation of 4-hydroxy-2-methylquinoline, and evidently is 4-hydroxy-2-methy]-3- 
benzoylquinoline. ‘The above reactions can be represented as: 


OEt 
| 
CO 
“™N CH.COMe COOEt Cl fn 
See A = 
C—Ph MeCQO.CHNa + Ph—C 
YX WA yur 
NH, O N 
COOEt OH 
ore ra CH.COMe | | en 
| | | mis Ph 
C—Ph \ANF 
\A~\ nF N 
{IT} 
OEt — a 
COOEt 
co \ OH y 
w™. ~~ 4N » CHLOPh A\/\coph 
| | + Se —> | | | a4 | | 
C.Me 
Fen C.Me WY nF \/\ oe 
NH, O74 — P _ N 
OH (I) 


It will be seen from above that the condensation takes place at both the centres as the 
corresponding quinoline derivatives have been cdtained. 
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It is interesting to note that ethyl benzoylacetoacetate with aniline gave a satis- 
factory yield (about 20%) of the final quinoline derivative, while the reaction of 
aniline with ethyl benzoylacetate gives poorer yields. 

The reaction was extended to some other arylamines, like o-toluidine, m-toluidine, 
p-toluidine, 8-naphthylamine, etc. 

The reaction between p-toluidine and ethyl b-nzoylacetoacetate yielded 4 hydroxy- 
2:6-dimethyl-3-benzoylquinoline as it differed considerab!y from the product obtained 
by Desai and Shah's method (loc. cit.! and agreed with the product obtained by the 
Friedel-Crafts benzoylation of 4-hydroxy-2:6-dimethylquinoline. The mixed m.p. 
of their oximes showed no depression. 

The reaction between o-toluidine and ethyl benzoylacetoacetate yielded similarly 
4-hydroxy-2:8-dimethyl-3-benzoylquinoline, being the same as that obtained by the 
Friedel-Crafts benzoylation of 4-hydroxy-2:S5-dimethylquinoline. 

In these two cases the condensation took place solely with the acetyl group, as 
no other product could be isolated. 

In the case of 8-naphthylamine, however, the condensation took place at the benzoyl 
group and 4-hydroxy-2-phenyl-3-acety!-5:6 beunzoquinoline was formed, as its oxime 
did not depress the m.p. of the oxime of an authentic specimen prepared by the 
method of Desai and Shah (loc. cil.). m-Toluidine and methyl anthranilate on similar 
condensation did not yield any solid product. 


ExPERIMENTAT 


Condensation of Aniline with Ethyl Benzoylacetoacetate: 4-Hydroxy-2-phenyl- 
3-acetylquinoline and 4-Hydroxy-2-methyl-3-benzoylquinoline-—To a mixture of 
aniline (o.4€ g.) and ethyl benzoylacetoacetate (1.17 g.', a trace of hydrochloric acid 
was added by a glass rod and the mixture heated on a steam-bath for about an hour. 
It’ was then cooled and left overnight. Next day water was added andthe ether extract 
taken up. The ether extract was washed with dilute hydrochloric acid and then with 
water and dried over anhydrous sodium sulphate. The residual oil after evaporation 
of ether was poured in boiling diphenyl ether ‘10 c.c.) and the mixture heated for 
further half an hour, and left overnight. The substance separating was collected, 
washed with light petroleum and dried, m.p. 282-84°. Crystallisation from glacial 
acetic acid raised the m.p. to 289°. ‘Mixed m.p. with an authentic specimen of 
4-hydroxy-2-phenyl-3-acetylquinoline obtained by the method of Desai and Shah (loc. cit.) 
was not depressed. Oxime, m.p. 262° and methyl ether, m.p. 218-19°, agreed with 
the specimens obtained by the method of Desai and Shah ‘Joc. cit.). 

‘the mother-liquor on dilution with petroleum gave a further precipitate, which 
on crystallisation from acetic acid gave more of the above product (total yield 0.25 g.}. 

The acetic acid mother-liquor . dilution with water gave a substance readily 
soluble in hot alcohol aud thus different fremi the above. It was crystallised from 
alcohol, m.p. 284° ‘yield v.05 g.), and was fousad to be identical with 4-hydroxy-2- 
methyl-3-benzoylquinoline obtained by the Friedel-Crafts benzoylation of 4-hydroxy-2- 
methylquinoline, as described below. ° 
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Frieael-Crafts Reaction on 4-H ydroxy-2-methylquinoline with Benzoyl Chloride: 
4-H ydroxy-2-methyl-3-benzoylquinoline.—4-Hydroxy-2-methylquinoline (1.6 g.) and 
anhydrous aluminiuin chloride (3.0g., 2 mols.) were thoroughly mixed and benzoyl 
chloride (1.2 c.c.) added. It was heated on an oil-bath at 155°-160° for one and half 
hours. It was cooled, ice and hydrochloric acid (3.0 c.c.} added and kept overnight. 
The next day the solid separating was collected, washed successively with water, sodium 
bicarbonate and boiling water and crystallised from alcohol, m.p. 28243° (1.0 g.). 
(Found: N, 5.3. Ci7HisO.N requires N, 5.3 percent). Itis fairly soluble in alcohol, 
acetone and acetic acid, but it is almost insoluble in ether, petroleum, chloroform and 
carbon tetrachloride. 

The oxime was crystallised from alcohol, m.p. 252-54°. (Found: N, two. 
C,7H,,O2N, requires N, 19.1 per cent). 2:4-Dinitrophenylhydrazone, m.p. > 310°. 
(Found: N, 15.6. C.;H,;O;N; requires N, 15.8 per cent). 

Condensation of p-Yoluidine with Ethyl Benzoylacetoacetate : 4-Hydrory 2:6- 
dimethyl-3-benzoylquinoline.—p-Toiuidine (0.53 g.} and ethyl benzoylacetoacetate 
‘1.17 g.) were heated using a trace of hydrochloric acid and the product worked up 
as before. ‘The cyclisation was carried out in boiling diphenyl ether (10 c.c.) and the 
product, isolated as before, was crystallised from alcohol iv fine colorless needles, 
m.p. > 290° ‘o0.2g.). (Found: N, 4.9. C,sH,;02N requires N, 5.1 percent). The 
oxime was crystallised from alcohol, m.p. 244°. (Found: N, 9.2. CisH,eQ.N, requires 
N, 9.6 per cent). 

4-Hydroxy-2-pheny]-3-acetyl-6-methylquinoline, obtained by Desai and Shah's 
method (/oc. cit.} melts at 263° and is obviously different from the above. 

Friedel-Crafts Reaction on 4-Hydroxy-2:6-dimethylquinoline with Benzoyl Chlo- 
ride: 4-Hydroxy-2:6-dimethyl-3-benzoylquinoline.—4-Hycroxy-2: 6-dimethylquinol'ne 
was prepared using a trace of hydrochloric acid asa catalyst. The separation of water 
was immediate. The cyclisation was carried out in diphenyl ether and crystallised 
from dilute alcohol, m.p. 276°. 

The above quinoline (1.72 g., 1 mol.) and anhydrous aluminium chloride ‘2.66 g., 
2 mols.) were thoroughly mixed aud benzoyl chloride ‘1.2 c.c., 1.1 mol.) added. 
It was heated at 150°-160° for 3 hours, cooled and ice and concentrated hydrochloric 
acid added and left overnight. The next day the solid was coliected, washed with 
water, sodium bicarbonate and finally with boiling water. It was crystallised from 
alcohol, m.p. > 290° .0.5 g.). Oxime, m.p. and mixed m.p. 244°. 

The mixture of this product and the one obtained from p-toluidine and ethyl 
benzoylacetoacetate (above! did not melt upto 200°. ‘The mixture of their oximes 
showed no depression in m.p. 

Condensation of o-Toluidine with Ethyl Benzoylacetoacetate: 4-Hydroxy-2:8- 

_dimethyl-3-benzoylquinoline.—The amine (v.53 g.) and the ester (1.17 g.) were 
condensed as before and cyclisation carried out in boiling diphenyl ether (10 c.c.). 
The product obtained was crystailised from glacial acetic acid, m p. 289° (c.) g.). 
(Found : N, 4.9. C,sH,,;0.N requires N, 5.1 per cent). 

4 Hydroxy-2-pheny!-3-acetyl-8-methylquinoline, obtained by Desai and Shah 
(loc. cit.), has m.p. 215°. 

3—1777P--12. 
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Friedel-Crafts Reaction on 4-Hydroxy-2:8-dimethylquinoline with Benzoyl 
Chloride ; 4-Hydroxy-2:8-dimethyl-3-benzoylquinoline.— 4-Hydroxy-2:8-dimethylquino- 
line (1 mol.), anhydrous aluminium chloride (2 mols.) and benzoyl chloride (1.1 mols.) 
were heated at 150°-160° for 3 hours and worked up as before. The product was 
crystallised from acetic acid, m.p. 289° (10%). Mixed m.p. with the above product 
was not lowered. 

Condengation of B8-Naphthylamine with Ethyl Benzoylacetoacetate: 4-Hydroxy- 
2-phenyl-3-acetyl-5:6-benzoquinoline.—The amine {c.72 g.} and the ester {1.17 g.) were 
condensed as in the previous case and cyclisation carried out in diphenyl ether (to c.c.}. 
On addition of petroleum ‘b. p. 60°-80°) some pasty mass separated out which was coll- 
ected and washed with petroleum (b.p. 60°-80°). It was then extracted with 10% sodium 
hydroxide and the extract acidified and crystallised from alcohol, m.p. > 300° (0.2 g.). 
(Found : N, 4.5. C.,H,,0.N requires N, 4.5 per cent). The oxime was crystallised from 
alcohol, m.p. 260° (Found: N, 8.6. C.,H,,O.N, requires N, 8.5 per cent). 

4-Hydroxy-2-phenyl-3-acetyl-5:6-benzoquinoline, prepared by the method of Desai 
and Shah (loc. cit.), has m.p. >> 300° ; oxime, m.p. 260°. Mixed m.p. of the two 
oximes was not lowered. 

Thanks of the authors are due to Mr. P. L. Trivedi, M.Sc. for carrying out the 


micro-analyses. 


ORGANIC CHEMISTRY LABORATORY, 
THE INSTITUTE OF SCIENCE, Received January 11, 1951. 
BomBay. 
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STUDIES ON VITAMIN-A IN SOLUTION. PART V. AQUEOUS SYSTEM 
By SuKHAMOY BHATTACHARYA AND U. P. BAsu 


Studies on the behaviour of vitamin-A, when dispersed in aqueous meM#fum have been made. The 
vitamin-A is less stable at acidic pu of 3.0 than al pucf about6.0 ‘The hydroxy antioxidants, like 
propyl gallate, show no antioxygenic property. The acetate form of vitamin-A is less stable than the 
alcohol form in aqueous solution. 

In previous communications (Basu and Bhattacharya, this Journal, 1949, 26, 410, 
459 ; 1950, 27, 169) the stability of vitamin-A has been studied in glyceride or ester 
substrates, both natural and synthetic. It has been found that vitamin-A in the form 
of an ester (acetate) is more stable than the vitamin-A alcohol. The vitamin may be 
stabilised by the incorporation of some hydroxy antioxidants and the function of these 
antioxidants is better manifested in the presence of traces of hydrogen donating 
substances. 

The vitamin-A, generally used for medicinal purpose, is often dispensed in oily 
menstrum, but it has recently been reported (Esh and Bhattacharya, Indian J. 
Physiol. Alli. Sci., 1951, 8, 15; Sobel et al., Federation Proc., 1949, 8, No.1; Am. J. 
Dis. Child., 1947, 78, 543 ; 1949, 77, 576) that a better utilization is effected if it be 
dispersed in an aqueous phase. As such our study on the relative stability of 
vitamin-A alcohol and that of a vitamin-A ester (acetate) was continued with prepara- 
tious in aqueous phase. At the outset of these investigations two questions arise 
and tiese are whether any change in the hydrogen-ion concentration may have any 
effect on the keeping properties of the vitamin molecule, and whether the hydroxy 
antioxidant with its greater solubility in aqueous medium will exert any specific 
antioxygenic function in retarding the oxidative changes in the vitamin molecule. 
Experimental results recerded in this paper tend to support both the above hypotheses. 
The vitamin is being found to be more stable when the fa of the medium is shifted 
from the acid range and propyl gallate exerts no special effect on the vitamin when 
dispersed in aqueous phase. Another observation recorded is that the vitamin seems to 
be less potent when present in the form of an ester (acetate) than when it is in the 
alcohol form in aqueous medium. 


EXPERIMENTAL 


Vitamin-A alcohol used was vitamin-A concentrate (Neo Chemical Corporation, 
U.S.A.) containing one million I.U. perg. Vitamin-A acetate wasin pure crystalline 
form obtained from Distillation Products Inc., U.S.A. 

Special distilled water was ordinary double distilled water, redistilled from an 
all-glass still constructed of Jena glass and equipped with ground glass joints. In 
operating the still, one drop of phosphoric acid to each litre of water was added. The 
first portion of the‘ distillate was discarded. The water thus obtained had a specific 
conductivity of about 1-1.5 x 107° and was free from heavy metals. 
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Surface active agent was polyoxyethylene sorbitan monolaurate, commercial!v 
known as Tween 20, and has the following formula, 
~\ 
H.C CH.CH,O.COR 
| | 
XO.HC CH.OX 


C 
H.OX 


where R represents the lauryl radical, and X, the polyoxyethylene groups (total 
approximately 20). Tween 20 was generously supplied by Atlas Powder Company, 
U.S.A. 

Antioxidant used was pure n-propyl gallate having m.p. 146-48°. All other 
chemicals used in the course of this experiment were of analytical reagent quality. 

Procedure: Vitamin-A Alcohol Solution.—Tween 20 was added to vitamin-A 
concentrate so that the latter dissolved and then water was added in such a way 
that the final concentration of Tween 20 was 20%. 


Vitamin-A Acetate Solution.—The crystals of vitamin-A acetate was triturated 
in au agate mortar and pestle with Tween 20 and when the acetate crystals dissolved, 
water was added to make the concentration of Tween 20 as 20% of the final solution. 

The activity of vitamin-A in both the solutions was determined by the previous 
process (loc. cit.) by hydrolysing with alcoholic potash, extracting the unsaponifiable 
matter with peroxide-free ether and finally using the alcoholic solution of the umsaponi- 
fiable matter in the vitameter-A. 

Both these solutions had py of 5.7. A portion of each of these solutions was then 
adjusted to px 3.0 with o.1N-hydrochloric acid and another portion to 8.0 with 0.1 N- 
sodium hydroxide. Each of the above preparations at different px was then divided 
into two parts and to one part was added 0.075% propyl! gallate, the other, kept as ii 
was. All these solutions were then transferred to 100 c.c. amber coloured bottles 
fitted with corks having two perforations to allow two glass tubings, one of which 
reached just above the surface of the solution and the other, at the mouth of the bottle 
to allow inlet and outlet of air. Bubbling of air through the solution caused frothing 
beyond control, and as such air was allowed in just onthe surface cf the liquid. Air 
was saturated with water vapour prior to entry in the vitamin system by bubbling 
through four bottles of water in series, the first of these bein,, kept «i a temperature 
of about 50°. All the containers with vitamin-A  solutiom was kept iu series and air 
at the rate of 6 c.c. per second was passed under negative pressure. 

The samples adjusted to px 8, on keeping overnight, stowes a px of 6.3, which 
when adjusted once again top, 8 and kept overnight, «gain <sanged to 6.3. Repre- 
sentative samples were withdrawn at intervals from each system * analysed for their 
vitamin-A potency. ‘The results of the experiment are recordsx: m Tables I-III and in 


Fig. 1. 
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TABLE I 
Stability ef vitamin-A at px 3-0. 
Vitamin -A alcohol. Vitamin- A acetate. 


Without antioxidant. With 0.075% propyl | Without antioxidant. With 0.075% propyl 
gallate. gailate. 


Vitamin-A Loss of Vitamin-A Loss of Vitamin-A Loss of Vitamin-A Loss of 
(i.U./g)  vitamin-A. (L.U./g.)  vitamin-A  ({.U./g.) vitamin-A. (I.U./g.) vitamin-A. 


o/ 


1722 0% 1722 0 % 2157 o % 2157 0% 
1458 15-3 1730 1y.8 

1545 10.3 aia Aa on in 1634 24.2 
1373 20.3 1953 23-3 

1507 12.5 eee 1600 25.8 1618 24.5 
1329 22.8 nin ; 1521 29.5 

1260 26 8 1244 27.8 1456 32-5 

II95 30.6 ie ei 1260 41.6 1423 34-0 

one ioe 1042 39-5 = one 1267 41.2 

1039 39-7 883 48.7 884 59.0 

850 50.6 ove di vee oe 673 68.8 

600 65 2 620 64.0 580 73.1 571 73-5. 

TABLE II 


Stability of vitamin-A at pu 5.7. 


Vitamin-A alcohol. Vitamin-A acetate. 
Without antioxidant. With 0.075% propyl With antioxidant. With 0.075% propy! 
gallate. gallate 


Aerated Vitamin-A Loss of Vitamin-A Loss of Vitamin-A Loss of Vitamin-A Loss of 


for. 
o br. 


1S 


(I.U./g.) vitamin-A. (I.U./g.) vitamin-A  ((1.U./g.) vitamin-A  (I.U./g.) vitamin-A. 


° 


1722 0 % 1722 0 % 2132 o % 2132 o 
1648 1-3 2040 4-3 
1710 0.7 wie ian 1992 6.6 
1054 39 i ; 1864 12.8 
1637 4-9 a a 1718 19.4 
1623 57 1756 17.6 
1626 5.6 1*95 20.5 1562 267 
1608 6.6 xt — 1672 21.6 1486 30.3 
1503 12.7 
1390 19.3 125 27-0 cos ose 1290 39-5 
1200 30.3 1072 49-7 1103 48.3 
1140 33-8 1181 31.3 1024 52.0 1092 48.8 
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44B.42 111 


Stability of vitanin-A at pu 6.3-* 


Vitamin-A alcohol. Vitamin-A acetate. 
Without antioxidant With «.o%.% propyi Without antioxidant. With 0.075% propvl 
gallate gallate. 

Aerated Vitamin-A Loss of Vitanin-4 ‘oss of Vitamin-A Loss of Vitamin-A Loss of 

for (I.U./g.) vitamin-A. (1.U./g.) vitamin-A. (I.U./g.) vitamin-A. (IU /g.) vitamin-A. 
o hr. 1722 ° % 1722 o % 2114 o % 2114 o% 
15 ar - 1683 2.3 1980 6.3 in int 
23 1687 2.0 ; = jes s 1968 6.9 
31 sae hive 1462 15.1 1927 8.8 ove one 
47 1642 4.6 vi ibe 1801 14.8 1778 15-9 
63 oe ove 1417 17.7 wes “we 1702 19.5 
86 “ns aes 1320 23.3 1607 24.0 eee 
102 1627 5-5 on ‘ os 0° 1596 24.5 
118 BS sa 1266 26.5 13905 34.0 ae sin 
134 1561 9-3 1254 27.2 1386 34-4 1256 40 6 
174 1300 24-5 1200 30.3 11g0 43-7 1174 44-5 
198 1130 34-4 1137 34.0 1044 50.6 1071 49 4 


* Pu was adjusted to 8.0; but on keeping overnight the px changed to 6.3. 
DiscuSSION 


Effect of pa.—From the results which have been tabulated according to pu it 
may be seen that the vitamin-A in the form of alcohol lost after 198 hours of aeration 
65.2%, 33.8% and 34.4% of its activity without the incorporation of antiox‘dant, and 
in the form of acetate, 73.1%, 52.0% and 50.6% at px values of 3.0, 5.7 and 6.3 
respectively. Almost the same order is followed when the systems are adjuvated with 
0.075% propyl gallate icf. Tables I-III.) Thus, it seems that the ps of the solution 
has got considerable influence on the stability of vitamin-A in aqueous medium (cf. 
Kern and Antoshkiw, Ind. Eng. Chem., 1950, 42, 70.) and that it is less stable in 
acidic pu and more stable at px of about 6.0 (cf. Fig 1.). Tie difference between px 
vaiues 5.7 and 6.3 is not marked. 


Fic. 3 


60 





Vitamin-A activity (%) 
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Influence of Hydroxyphenolic Antioxidant.—The vitamin-A alcohol at px 3.0 
loses 65.2% without the presence of antioxidant and 64.0% with propyl gallate in 198 
hours and the acetate form ioses 73.1% in absence and 73.5% in presence of antioxidant 
in the same period, as may be seen from Table i. Table II shows 33.8% againsi 
31-3% in the case of alcohol form, while yitamin-A acetate has lost 52.0% against 48.8% 
of vitamin-A potency in absence and in presence of antioxidant respectively. Figures 
of Table III are almost the same as that of Table II. ‘Thus, it appears that the 
hydroxyphenolic antioxidant of the type of propyl gallate does not exert any 
antioxygenic property in stabilising the potency of vitamin-A in water medium. 

Effect of the Chemical form of the Vitamin.—The average loss of vitamin-A is 
about 73% for the acetate form, while it is 64.5% for the alcohol form at px 3.0 when 
aerated for 192 hours (cf. Table 1). The losses for acetate and alcohol forms in the 
same period at pa values of 5.7 and 6-3 are about 50% and 33% respectively, as may be 
seen from ‘Tables II and III, as also from Fig. 1. These results tend to indicate 
that the alcohol form of vitamin-A is more stable than the vitamin-A acetate. 


Similar observations have been noted by Lehman of Distillation Preducts, U. S. A, 
(private communication). It may be mentioned here that the vitamin-A alcohol in 
aqueous medium at p, of about 6.0 behaves similarly as the vitamin-A alcohol dissolved 
in esters or glycerides in the presence of antioxidiant, and as the vitamin-A acetate in oils 
or esters in absence of antioxidant after about 200 hours of aeration $0 far as the 
stability of vitamin-A activity is concerned (cf. Basu and Bhattacharya, loc. cit.). 

The hydroxy-antioxidant, propyl gallate, used in the course of this investigation 
was 0075% and has been ‘ound to exert no antioxygenic property. The solubility 
of propyl gallate in water is 0.2 at 25° *. Due to its greater solubility in water and 
owing to the question of partition coefficient, the antioxidant might not be present in 
the vitamin-A phase, and thus may be the cause of its failure to exert any special effect 
in keeping the vitamin-A potency. 

Further work is in progress. 


CONCLUSION 


Vitamin-A in the form of alcohol or acetate, when dispersed in aqueous medium 
with Tween 20, behaves in a different way from that when dissolved in glycerides or 
esters. 

Vitamin-A acetate, which is more stable in oils and esters, is less stable than the 
alcohol when dispersed in aqueous menstrum. 

The pfu of the aqueous solution determines the stability of vitamin-A irrespective of 
its chemical form. It is more stable at px about 6.0 than at pu 3.0. 

The hydroxy-antioxidant, propyl gallate, having a concentration of 0.075% does 
not show any antioxygenic property in keeping the vitamin-A potency in aqueous 
medium. , 

*The solubility of propyl gallate in arachis oil is less than 0.05 at 25°. 


BENGAI IMMUNITY RESEARCH INSTITUTE. Received June 19, 1951. 
CaLcuTTa—16, 








(Jour. Indian Chem. Soc., Vul. 38, No. 12, 1951] 


¢ 


SYNTHESIS IN THE ACRIDINE SERIES. PART IX. N-SUBS'TITUTED 
3-METHOXY-8-CHLORO-9-A MINOACRIDINES 


By GURBAKHSF “INGH, APAR SINGH, SURJIT SINGH AND MAHAN SINGH 





Synthesis of severai N-substituted-3-methoxy-8-chloro-g-aminoacridines is described. 


The work in earlier papers has now been extended to include N-substituents of 
3-methoxy-8-chloro-9-aminoacridines . 

Condensation of N-m-chlorophenybenzimino chloride with methyl 4-methoxy- 
salicylate gave N-m-chloropheny!benzimino-5-methoxy-2'-carbomethoxyphenyl ether 
(I}, which on heating to 270° isomerised to methyl N-benzoyl-5’-chloro-5-methoxy- 
diphenylamine-2-carboxylate (IV). Treatment of (1V) with excess of alkali gave 
5'-chlorodiphenylamine-5-methoxy-2-carboxylic acid (ITI). 
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POCI, | | OH IS 
| < It JR i” . | | 
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CHO, fn Joo wei ~ Jo 
coer ete AN 
et Net 


(X) ae m.p. 178-80°) 


The diphenylamine acid (III) on ring-closure with phosphoryl chloride can give a 
mixture of the two acridines, i.e. 3-methoxy-6:9-dich'oroacridine (VI) and 3-methoxy- 
8:9-dichloroacridine (1I!, according as the ring-closure takes place in position 6’ or 2’. 
Experimentally, however, only one component (m.p. 168-70°) was obtainable in high 
yield (80%) from the reaction mixture. The reason why structure (II) was assigned to 
this product will become clear from the following discussion. 

According to Albert et al. (J. Chem. Soc., 1936, 85 ; 1942, 377) the component which 
is obtained in lower yield and has a higher melting point of the two isomers, must be 
regarded as the 3-substituted compound. There are, however, numerous exceptions to 
this, and actually the amount of the two isomers is dependent to a very great extent on the 
nature of the 5/-substituents. Thus, Lehmstedt and Schrader ‘Ber., 1937, 70 B, 838). 
found that whereas 3’-nitrodiphenylamine-2-carboxylic acid gave on ring-closure 75-80% 
of the t-nitroacridone, the corresponding 5’-methyl analogue gave only 18% of the 
methylacridone. It is well known that during electrophilic substitution of negatively sub- 
stituted aromatic compounds, the percentage of the ortho component formed is always 
much greater than the para isomer. This is because the interference of the electronega- 
tive group reasonance with the transition state of substitution is greater for the para 
substitution than for the ortho substitution. In the case of an _ electropositive 
substituent at position-5’, the ortho:para ratio is also known to be dependent on the 
nature of the entrant substituent, though in majority of these cases, there 
is a greater preponderance of the para isomer over the ortho one. Probably 
the activation of the aromatic ring caused by the electropositive group is greater 
for the para position than for the ortho position, on account of the extended con- 
jugation in the former case. We have thus found that during the ring-closure of 4’-metho- 
xy-6-chlorodiphenylamine-2-carboxylic acid (VII) the major component was 3-methoxy- 
7:9-dichloroacridine (VIII, m.p. 194-95°), whose structure was confirmed by its unequi- 
vocal synthesis from 4’-chlorodiphenylamine-5-methoxy-2-carboxylic acid (LX) where 
(VIII) was to be the sole product of the reaction. In the case of 5’-chlorodipheryl- 
amine-2-carboxylic acid the ring-closure has been found to take place invariably on 6’- 
position in preference to the 2’-position. Shah, Kshatriya, Patel and Nargund (J. Univ. 
Bombay, 1946, 15A, Part IilI, 42) claimed that the ring-closure of 5’-chlorodiphenyl- 
amine-4-methoxy-z-carboxylic acid (X} yielded only 2-methoxy-6:9-dichloroacridine. 
In our hands a product of m.p. 178-80° could be isolated from the reaction mixture. 
This could not have been the 6-isomer, which is known to melt at 162° and, therefore, 
must correspond to structure (XI). Such was also the experience of Dauben (J. Amer. 
Chem. Soc., 1948, 10, 2420). Recently Dauben and Hedgson {ibid., 1950, 72, 3479) 


4—1777P—12. 
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have provided coriclusive evidence to this effect. From analogy with these cxamples, 
a teritative, though very likely, structure for the acridine (m.p. 168-70°) obtained by the 
ring-closure of (II1) must be considered as represented by (II). Similarly the major 
product (m.p. 216-17°) obtained by ring-closure of (V) by analcegy with  ring- 
closure of the corresponding 4-chloro isomer (VII) must be formulated as 3-methoxy- 
6:9-dichloroacridine (VI). It is hoped to provide a definite proof for the structures (II) 
and (VI) in a subsequent communication. 


3-Methoxy-8:9-dichloroacridine (II), thus obtained, was further condensed with 
various amines to give the desired 9-N-substituents. 


EXPERIMENTAL 


N-m-Chlorophenylbenzimino-5’-methoxy-2’-carbomethoxyphenyl ether was prepared 
in a manner analogous to that described for the corresponding p-chloro isomer (vide 
Part VII, this Journal, 1951, 28, 459). It wascrystallised from 98% ethanol in white 
prisms, m.p. 112-13°, yield 83%. It was not possible to carry out a nitrogen analysis, 
as the compound gave off nitrogen with explosive violence, when heated with cupric 

- oxide above its melting point. 

Methyl-N-benzoyl-5'-chloro-5-methoxydiphenylamine-2-carboxylate was also pre- 
pared according to procedures described earlicr. It was crystallised from absolute 
ethanol in white glistening cluster, in p. 113-14°. In this case too, the nitrogen 
analysis could not be recorded. 


5'-Chlorodiphenylamine-5-methoxy-2-carboxylic acid was crystallised from 95% 
alcohol in slightiy brownish needles, m.p. 167-68°. (Fuund: N, 5-34. C,,4H,,0;NCI 
requires N, 5-04 percent). The corresponding acid chloride, prepared by treatment 
of the acid with phosphorus pentachloride in absolute petroleum ether (b p. 40°-60°), was 
obtained as yellow needles, m.p. 112° (decomp.). ‘Found: N, 4.60 C,,H,.O0,NCI, 
requires N, 4.74 per cent). 


3-Methoxy-8:9-dichloroacridine was prepared by treatment of the above diphenyl- 
amine acid with phosphoryl] chloride in the usual way. After one crystallisation from 
dry benzene, the acridine was obtained as yellow micro needles, mp. 168-70°. The 
melting point cou!d not be raised by recrystallisation, yield 80%. ‘Founa: N, 5.15. 
C,,H,ONCI, requires N, 5.03 per cent). 


3-Methory-8-chloroacridone. —3-Methoxy-8:9-dichloroacridine (1 g.! was refluxed 
with so c.c. of 5% hydrochloric acid for about 4 hours, when the yellow acridine slowly 
changed to the white acridone. The product was filtered off and crystallised from 
glacial acetic acid as a white powdery mass which did not melt till 310°. ‘Found: N, 
5.26. C,.H,O,NCI requires N, 5.39 per cent). 


5'-Methoxydiphenylamine-5-chloro-2-carboxylic Acid.—Potassium metal (1 atom, 
4.6 g.) was dissolved in 30 c.c. of methanol and dry 2:4-dichlorobenzoic acid (one mol., 
23 g.) was added followed by m-anisidine (1.5 mols.,20.4 g), copper powder ‘o.1 g.) and 
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CuzCl, (0.1 g.); 30 c.c. of isoamyl alcohol were then added and the reaction mixture as 
heated in an oil-bath at 140° for 2-3 hours. Methyl alcohol was allowed to evaporate off 
from a short air-condenser. Excess of isoamyl alcohol was then distilled off and the 
last traces removed by passing steam. ‘The residue after being made acidic to Congo 
red was crushed to a green powder. It was extracted with potassium bicarbonate 
(charcoal) and decomposed with hydrochloric acid yielding a voluminous yellow mass. 
After drying, it was crystallised from glacial acetic acid in bright greenish yellow 
needles, m.p. 189-90°, yield 380%. (Found: N, 5.01. C,,;H,,0;NCI requires N, 5.04 
per cent).. The acid chloride was crystallised from petroleum ether, m.p. 80-81°. 
(Found : N, 4.95. Ci4H,,0.NCI, requires N, 4.74 per cent). 

3-Methoxy-6:9-dichioroacridine.-—The ring-closure of the above diphenylamine 
avid was effected by treatment with phosphoryl chloride. ‘Ihe product was crystallised 
from dry benzene as a greenish yellow substance, m.p. 200°-207°. Two more 
crystallisations raised the melting point to 216-17°, which could not be improved by 
further recrystallisations ; yield of the pure component was 25-35%. (Found: N, 4.92. 
C,,H,ONCI, requires N, 5.03 per cent). 

5'-Methoxy-4-chlorodiphenylamine-2-carboxylic acid was obtained from  2:5- 
dichlorobenzoic acid and m anisidine, according to the conditions described earlier. It 
was crystallised from glacial acetic acid as greenish yellow needles, m.p. 189-90°. ‘Found : 
N, 5-01. C,4H,,0;NCI requires N, 5.04 per cent). The acid chloride was crystallised from 
petroleum ether as golden yellow plates, m.p. 88°. ‘Found: N, 4.71. C,,H,,0O,NCI, 
requires N. 4.74 per cent). 

3-Methoxy-7:9-dichloroacridine.—The ring-closure of the above diphenylamine 
carboxylic acid was effected in the usual manner. The product was crystallised from 
benzene as a yellow powder, m.p. 180-86°. Three more crystallisations gave a sharp 
melting product, m.p. 195-96°, which could not be raised by further recrystallisations. 
This product is identical with that obtained by the ring-closure of 4’-chlorodiphenyl- 
amine-4-methoxy-2 carboxylic acid, as described in Part VII (loc.cit.). A mixed melting 
point determination of the two samples did not show any depression. 


5'-Chlorodiphenylamine-4-methoxy-2-carboxylic acid was obtained by the condensa- 
tion of 2-bromo-5-methoxybenzoic acid and m-chloroaniline in 65% yield, under condi- 
tions similar to those described in Part I (this Journal, 1046, 28, 466). It was crys- 
tallised from glacial acetic acid as yellow needles, m.p. 181-82°. (Found: N, 4.85. 
C,,H,;,0,;NCI requires N, 5.04 per cent). The acid chloride was crystallised from light 
petroleum ether as golden yellow needles, m.p. 93°. (Found: N, 4.83. C,,H,,0,NCI, 
requires N, 4.74 per cent). 

2- Methoxy-8:9-dichloroacridine.—The above diphenylamine acid on treatment with 
phosphory! chloride gave a mixture of two acridines which melted between 144° and 
154°. Repeated crystallisations from anhydrous benzene gave 15-20% of a pure com- 
ponent with a sharp melting point, 178-80°. Dauben (loc. cit.) for the same compound 
has reported am.p. 182°. 

3-Methoxy-8-chloro-g-(8-diethylaminobutyl}-aminoacridine was prepared by the 
condensation of 3-methoxy-5:9-dichloroacridine and 5-diethylaminobutylamine in the 
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usual way. The base was characterised by the formation of its dihydrobromide which 
was crystallised from a mixture of absolute ethanol and ether as a yellow powder, m.p. 
212-14°. (Found: N, 7.77. C22H,sON;Cl. 2HBr requires N, 7.67 per cent). 
3-Methoxy-8-chioro-9-(e-diethyiaminoamyl)-aminoacridine was characterised by its 
picrate, which was crystallised from a mixture of ethanol and acetone as a yellow powder, 
m.p. 196-98°. [Found: N, 14.50. C23;H3,ON;Cl. 2 {C,H,;N,O;} requires N, 14.68 
per cent]. 
3-Methoxy-8-chloro-9-(di-n-propylaminopropyl)-amivoacridine.—The dihydrobromide 
was twice crystallised from an ethancl-ether mixture as a yellow powder, m.p. 
209-211°. (Found: 7.98. C.,H.2.ON;Cl. 2HBr requires N, 7.88 per cent). 
3-Methoxy-8-chloro-g-(di-n-butylaminopropyl)-aminoacridine.—The dipicrate was 
crystallised from alcohol-acetone mixture, m.p. 171-73°. [Found: N, 14.0. C.;H3,ON;Cl. 
2 (C.H;0,N;) requires N, 14.22 per cent]. 
3-Methoxy-8-chloro-g-(di-n-amylaminopropyl)-aminoacridine was also characterised 
by its dipicrate, which was crystallised from an alcohol-acetone mixture as yellow tiny 
“crystals, m.p. 152-54°. [Found: N, 14.49. C2;H;,ON;Cl. 2(C,H;O,N;) requires N, 
13.80 per cent]. 
3-Methoxy-8-chloro-9-(di-n-propylaminobutyl)-aminoacridine —The dipicrate was 
crystallised from a mixture of ethanol and acetone as 2 yellow powder, m.p. 217-19°. 
[Found : N, 14.23. CosH32.0ON;Cl- 2 (C,.H;,0;N;) requires N, 14.46 per cent]. 
3-Methoxy-8-chloro-9-(di-n-butylaminobutyl}-aminoacridine.—The dipicrate was crys- 
tallised from alcohol-acetone mixture as yellow needles, m.p. 205-207°. [Found: 
N, 13-63. CosHs¢ON;Cl. 2 (C,H;0;N;) requires N, 14.0 per cent]. 
3-Methoxy-8-chioro-9-{di-n-amylaminobutyl)-aminoacridine.—The dipicrate, m.p. 
136-38°. [Found : N, 13.18. CssH,,ON;Cl. 2 (C,H,0;N,) requires N, 13.58 per cent]. 
3-Methoxy-8 chloro-9-'y-piperidinopropyl)}-aminoacridine.—The diliydrochloride was 
twice crystallised from absolute ethanol, m.p. 242°. ‘Found: N, 9.08. C2:H..«ON;CI. 
2HC1 requires N, 9.20 per cent). 
3-Methoxy-8-chloro-9-(8-piperidinobutyl)-aminoacvidine.—The dihydrochloride was 
twice crystallised from a mixture of absolute ethanol and ether, m.p. 219-21°. (Found: 
N, 8.82. C.;H.,ON,;Cl. 2HCI requires N, 8.92 per cent). 
3-Methoxy-8-chloro-9-aminoacridine was prepared in the usual manner from 
3-methoxy-8:9-dichloroacridine. It was crystallised from # mixture of ethanol and 
acetone in yellow glistening needles, m.p. 188-90°. (Found: N, 10.70. C,,H,,ON,CI 
requires N, 10.83 per cent). 


DEPARTMENT OF EDUCATION, Received April 17, 1951. 
Sra E. 
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COMPOSITION OF PRUSSIAN BLUE (FERRIC FERROCYANIDE) 
BY THERMOMETRIC METHOD 


By RAm SAHAI SAXENA AND ABANI K. BHATTACHARYA 


The composition of Prussian blue has been investigated by the method of thermometric titrations 
between ferric chloride and potassium ferrocyanide at scveral concentrations of these reactants. 
From the breaks in the direct titration carves, the composition of ferric ferrocyanide corresponds to 
KFe[Fe(CN)¢], which with excess of FeCl; changes to Fe! Fe(CN ¢!3, whereas the reverse titrations 
suggest the formation of only one compound, KFe[ Fe(CN)¢}. 


In continuat‘on of our previous publications on the composition of Prussian blue 
(this Journal, 1951, 28, 141, 221) by physico-chemical methods, such as conductometric 
and potentiometric, its composition has been determined by the method of thermometric 
titrations, and the results have been incorporated in this paper. 


EXPERIMENTAL 


The arrangement for the thermometric titrations was similar to that adopted by 
Haldar (this Journal, 1946, 23, 157). The reagents used were of ‘Analar’ B. D. H. 
quality. Potassium ferrocyanide was estimated by titrating against standardised 
potassium permanganate solution (Treadwell and Hall, ‘Analytical Chemistry’’, Part II, 
p- 526) and ferric chloride solution was standardised against dichromate using diphenyl- 
amine as an indicator. 


Using different concentrations of the two salts in solution, the titrations were 
followed by the direct and the reverse methods, i. e-, when ferric chloride solution from 
the burette was added to potassium ferrocyanide solution in the Dewar flask and vice 
versa. Titrations were also carried out in the presence of alcohol up to the total con- 
centration of 20% by volume. The total rise in temperature was then plotted against 
the titre in c.c. 

Direct Thermometric Titrations 


TABLE i 


Cone. of FeCl, soln.= 0.1M. Conc. of K,Fe(CN), soln.=0.5M. K,Fe{CN), 
taken = 20c.c. Alcohol = nil. (Fig. 1, curve 1‘. 


FeCly Total rise FeCl, Total rise FeCl, Total rise FeCl, Total rise 
added. in temp. added. in temp. added. in temp. added in temp. 
0.9 C.C; 0.000° 3.0 C.C. 0.200° 6.0 ¢.c, 0.320° 9 c.c. © 370° 

1.0 0.080 4.0 0.255 7.0 0.335 10.0 0.385 

1.5 0.110 5.0 0.295 8.0 : 0.350 11.0 0.400 

2.0 0.140 


4 
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Conc. 
FeCl, 
added. 
0.0 C.c. 


0.5 
1.0 


1.5 


Conc. 


FeCl, 
added. 


oocc 


Conc. 
FeCl, 
added. 

oocc. 


0.5 
1.0 


Conc. 


FeCl, 
added. 


0.0 C.C. 
o5 
1.0 
1.5 
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of FeCl, = 0.1M. 


= 18 c.c. 
Total rise FeCl, 
in temp added. 
0.000° 2 €.€ 
0.080 2.5 
0 120 3.0 
0.160 4.0 
of FeCl, = 


= 16C.c. 
Total rise FeCl, 
in temp added 
0.000° 2.§ C.c. 
0.150 3-0 
0.200 3°5 
0.255 4.0 


of FeCl; = M/2.5. 


= 20 c.c. 
Total rise FeC!s; 
in temp. added. 
0.000° were 
0.040 3°5 
0.080 4.0 
0.150 5.0 


of FeCl, = M/2.5. 


=18 c.c. 

Total rise FeCl, 

in temp. added. 

0.000° 2.0 C.C. 
0.060 3.0 
0.120 3-5 
0.180 4.0 


TABLE II 


Cone. of K,Fe(CN), soln. 


Alcohol = 2 c.c. (Fig. 1, curve 2). 


Total rise FeCl, 
in temp. added. 
0 200° gee. 
0.240 5-5 
0.270 6.0 
0-345 7-0 


TABLE III 


o.1M. Conc. of K,Fe(CN), soln. 


0.5M. K,Fe(CN)}, teken 
Total rise FeCl, 
in temp. added. 
0.385° 7-5 C2. 
0 400 8.0 
0.410 9.0 
0 430 10.0 


0.5M. K,Fe(CN), taken 


Alcohol = 4 c.c. (Fig. 1, curve 3). 


Total rise FeCl, 
in temp. added. 
© 310° 4-5c¢. 
0.360 5-0 
0.400 6.0 
0.420 7.0 
‘ TaBLe IV 


Cone. of K,Fe(CN), = M, ro. 


Total rise 
in temp. 


0 450° 
0.465 
0.500 


0.540 


Alcohol = nil. (Fig. 2, curve 4). 


Total rise FeCl, 
in temp. added. 
0.180° 5.5 c.c. 
0.260 6.5 
0.290 7.0 
0.370 7-5 
TABLE V 


Total rise 
in temp. 


0.400° 
0-435 
0.450 
0-455 


Cone. of K,Fe(CN), = M/r1o. 
Alcohol = 2 c.c. (Fig. 2, curve 5). 


Total rise FeCl, 
in temp added. 
0.240° 4.§cc. 
0 350 5-0 
0.410 6.0 
0.480 7.0 


‘Total rise 
in temp. 


oO 530° 
0.: 70 
0.620 
0.650 


K,Fe 


FeCl; 
added. 


7.5 C.c. 
8.0 
9.0 


10.0 


FeCl, 
added 


8.0 ¢.c. 


9-0 
10.0 


(CN), taken 


Total rise 
in temp 
© 440° 
0.455 
0.475 
0.500 


Total rise 
in temp. 





0.560 
0.580 
0.615 
0.650 


Total rise 
in temp. 





0.460° 
0.470 
0.480 


K,Fe(CN), taken 


FeCl, 
added. 


8.0 c.c. 
8.5 
9.0 


Total rise 
in temp. 
0.675° 


0.680 
0.690 
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TABLE VI 


Cone. of FeCl, = M/2.5. Conc. of K,Fe(CN),=M/10. K,Fe(CN), taken 


= 16c.c. Alcohol = 4 c.c. (Fig. 2, curve 6). 





FeCl, Total rise FeCl, Total rise FeCl, Total rise FeCl, Total rise 
added. in temp. added. in temp. added. in temp. added in temp. 
o.oce. 0.000° 2.5 C.c. 0. 400° 4.5 ¢.c. 0.685° 7.5 Cc. 0.740° 
0.5 0.100 3.0 0.500 5.0 0.705 8.0 0.745 
1.0 0.170 3-5 0.570 6.0 0.725 9.0 0.760 

1.5 0.250 4.0 0.660 7.0 0.735 


Reverse Thermometric Titrations 
Tas.e VII 


Conc. of K,Fe{CN), = 0.5M. Conc. of FeCl, = M/8. FeCl, soln. taken 
= 20c.c. Alcohol = nil. (Fig. 3, curve 7). 


KyFe(CN)g Totalrise K,yFe(CN)g Totalrise KyFe(CN)g Totalrise KyFe(CN)g Total rie 


added in temp. added. in temp. added. in temp added. in temp 
0.0 C.C. © 000° 2.0 C.c. 0.110° §.¢ ¢.¢. 0.270° 8.5 c.c. 0.355" 
0.5 0.030 3.0 0.179 6.0 0.290 9.0 0.370 
1.0 0 060 3-5 0.195 6.5 0.305 10.0 0.395 
15 0.080 4.0 0.220 7-5 c 33° 


Tasie VIII 


Conc. of K,Fe(CN), = 0.5M. Conc. of FeCl, = M,8. FeCl, soln. taken 
= 18c.c. Alcohol =2 c.c. ‘Fig. 3, curve 8). 


KyFe(CN‘'g Totalrise K,yFe(CN)¢ Total rise K,Fe(CN)g Totalrise KyFe(CN)g Total rise 


added. in temp. added. in temp. added. in temp added. in temp 
0.0 €.c. 0.000° 35 ¢.¢. © 280° 6.0 ¢.c. 0 415° 85 c.c. 0.500° 
1.0 0 080 4:5 0.360 7.0 0.450 9-5 0.540 
2.5 0.200 5.0 0.380 8.0 0.485 100 0.560 


TasBLe IX 
Conc. of K,Fe(CN), = 0.5M. Conc. of FeCl, = M/8. FeCl, soln. taken 


= 16c.c. Alcohol = 4 c.c. (Fig. 3, curve 9). 


KyFe(CN)g Totalrise KyFe(CN)g Totalrise K,yFe(CN)g Totalrise KyFeiCN)g ‘Total rise 


added. in temp. added. in temp. added. in temp. added. in temp. 
0.0 C.C. 0.000° 2.0 €.¢. 0.210° §.0 C.c. 0.440° 8.0 ¢.c. 0.570° 
0.5 0.060 3.0 0.309 6.0 o 480 9.0 0.610 


1.0 0.110 4.0 © 400 7.0 0.525 10.0 0.650 
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Conc. of K,Fe(CN), = M/S. 
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TABLE X 


Cone. of FeCl, = M/2s. 


BHATTACHARYA 





FeCl, soln. taken 


= 20c.c. Alcohol = nil. (Fig. 4, curve ro). 

KyFe(CN)g Totalrise KyFe(CN)s Totalrise KyFe(CN)s Totalrise KyFe(CN)g Total rise 
added. in temp. added. in temp. added. in temp. added. in temp. 
O.occ. 0.000° 2.5 €.c 0.090° 5-5 ¢.c. 0.185° 8.0 c.c. © 240° 
1.0 0.935 3.0 0.10 6.0 0.200 9.0 0.255 
2.0 0.070 4.0 0.135 7-0 0.220 10,0 0.288 

TABLE XI 
Cone. of K,Fe(CN), = M/S. Conc. of FeCl, = M/25. FeCl, soln. taken 
= 18c.c. Alcohol = 2c.c. (Fig. 4, curve rr). 

KyFe(CN)g Totalrise KyFe(CN)g ‘otal rise KyFe(CN)g Totalrise KyFe(CN)g Total rise 
added. in temp. added. in temp. added. in temp. added. in temp. 
0.0 C.¢c. 0.090° 3.0 Cc. 0 170° 6.0 ¢.c. 0.320° 8oc.c. 0.390° 
1.6 0.070 40 -220 6.5 0.340 9.0 0.425 
2.0 0.120 5.0 0.280 7.5 0.370 10.0 0.460 

TABLE XII 
Conc. of K,Fe(CN), = M/8. Conc. of FeCl, = M/25. FeCl, soln. taken 


= 16c.c. Alcohol = 4c.c. (Fig. 4, curve 12). 

K,Fe(CN), Totalrise KyFe(CN)g Totalrise K,yFe(CN\s Totalrise KyFe(CN)g Total rise 
added in temp added in temp. added. in temp. added. in temp. 
0.0 ¢.¢. ©.000° 2.5 c.c. 0. 190° 5.0 c.c 0.375° 7.0 €.c 0.425° 
0.5 0 040 3-5 0.260 5-5 0.390 85 0.460 
1.5 0.120 4-5 0.340 6.5 0.410 9.5 0.480 

DISCUSSION 





Tne two possible reactions between potassium ferrocyanide and ferric chloride can 
be represented as fellows . 


K,Fe(CN), + FeCl,= KFe[Fe(CN),] + 3KCl soe 


3K,Fe(CN), + 4FeCl,= Fe, [Fe(CN),]; +12 KCl (2) 


Taking into consideration the strength of the solutions of FeCl, (o0.1M) and potassium 
ferrocyadide (0.5M), the theoretical titre values required for 20 c.c. of K,Fe(CN), for the 
formation of these KFe[Fe(CN),] and Fe,[Fe(CN),], in direct titrations would be 
4 ¢.c. and 5.33 c.c. of FeCl, respectively. 
values can be calculated accordingly. 


For the reverse titrations, the theoretical 
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Fig. 1 Fig. 2 


Total rise in temp 
Total rise in temp. 

















FeCl, added inc c. 








FeCl; added in c.c. 


In the curves for direct titrations (Figs. 1-2) there are two breaks and the observed 
titre values correspond approximately to the formation of the compounds KFe[Fe(CN), ] 
and Fe,[Fe(CN),],. In the reverse case (Figs. 3-4) there is only one break which 
approximately corresponds to the formation of KFe[ e(CN), ]. 


With a view to showing the discrepancy between the observed and the calculated 
titre values, a summary of observations in aqueous and aqueous-alcoholic solutions is 
given in the following table for ready reference. 


It is clear from Table XIII that the observed titre values in the direct titration are 
slightly higher than the theoretical values, whereas they are slightly lower in the case 
of reverse titrations. ‘This discrepancy between the observed and the calculated values 
can be explained on the tendency of the compound formed to hydrolyse. Potassium 
ferrocyanide thus released would react with more of ferric chloride as a result of which 
the titre valuesin aqueous solution would be greater in direct titrations and less in 
the reverse titrations than the calculated values. By the addition of alcohol in increasing 
amounts a gradual decrease in the titre values is observed in direct titrations, whereas 
an increase is observed in reverse titrations. Alcohol suppresses the hydrolysis of 
the compound, and hence the observed titre values in presence of increasing amounts 
of alcohol correspond more closely to the theoretical values in the direct and the reverse 
titrations. 


5—1777P—12. 
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R. S. SAXENA AND A. K. BHATTACHARYA 
Taste XIII 
Direct thermometric titrations (Fig 1-2). 
0.5M-FeCl; and 0.1M-KyFe(CN)g. Conc. ratio = 5:1. 
Point showing breaks 
In aqueous solns. In alcoholic solns. Formula supported. 
Calc. Obs. Calc. Obs 
4.0 ¢.c. 4.3 ¢.c. 3 6c.c. 3.80 c.@. in 10% alcohol KFe[ Fe(CN)¢] 
3.2 3.25 ¢.c. in 20% alcohol 
5.33 5.5 ¢.c. 48 4-95 c.c. in 10% alcohol Fey{ Fe(CN)e ls 
4.26 4.35 ¢.c. in 20% alcohol 
M/2.5-FeCl, and M/10-KyFe(CN)g. Conc. ratio = 4 :1 
5.0 ¢.c. 5.3 ¢.c. 4.50 C.c. 4-65 c.c. in 10% alcohol KFe[ Fe(CN)¢] 
4.0 4.05 c.c. in 20% alcohol 
6.66 6.80 6.0 6.1 c.c. in 10% alcohol Fe,{ Fe(CN)¢]; 
5-33 5.40 c.c. in 20% alcohol 
Reverse thermometric titrations (Fig. 3-4). 
M/2-FeCl; and M/8-K,yFe(CN).. Conc. ratio=4 :1. 
5.0 C.c. 4-75 C.c. 4§¢.c. 4 40c c. in 10% alcohol KFe[ Fe(CN)¢1 
4.0 4.0 c¢.c. in 20% alcohol 
M/8-FeCl; end M/25-KyFe(CN)g. Conc. ratio =25:8 
6.4 6.1 C.c. 5.76 c.c. 5-65 c.c. in 10% alcohol K Fe[ Fe(CN)g¢] 
5.12 5.10 c.c. in 20% alcohol 
Fig. 3 Fig. 4 


Total rise in temp. 
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The adsorption of Fe™ and Fe(CN),’” ions by ferric ferrocyanide cannot be alto- 
gether ignored. In case Prussian blue has a tendency to adsorb more ferric ions than 
ferrocyanogen ions, similar observations as recorded above are likely to take place. 
Experimental work on adsorption and hydrolysis of ferric ferrocyanide is in progress 
with a view to throwing further light on the composition of this compound. 

From the breaks in the direct titration curves (Fig. 1-2) it appears that the com- 
pound KFe[Fe(CN),] first formed changes to Fe,[Fe(CN),]; by the addition of 
excess of ferric chloride, the ictter corresponding to the second break of the curves. 
In the reverse cases the titration is carried out by the addition of excess of K,Fe(CN), 
and hence the break corresponding to Fe,[Fe/CN),], is not observed. This suggests 
that the formation of one compound or both, depends upon whether ferric chloride 
is added in excess to potassium ferrocyanide or vice versa. 

The results of thermometric titrations are in conformity with the conclusions of 
the authors in the conductometric and potentiometric investigations (this Journal, 
1951, 28, 141, 221). 

The thanks of the authors are due to Dr. S. S. Deshapande of Agra College, for 
the keen interest in the work. 


CHEMICAL LABORATORIES, 
AGRA COLLEGE, AGRA, Received May 17, 1951. 
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COMPLEX COMPOUNDS OF COPPER, NICKEL AND COBALT " WITH 
BENZIMIDAZOLE AND THEIR MAGNETIC PROPERTIES 


By S. P. GHOsH 


Benzimidazole forms stable inner-metallic complexes with copper, nickel and cobalt" of the 
genera! formula M(C;H;N,)z, where M represents an atom of Cu, Nior Cou. Magnetic properties 
of these complexes have been studied and their structures discussed. 


Benzimidazole, C;,H,N, (I), which may serve as a bidentate group, forms quite stable 
four-fold inner-metailic complexes with bivalent copper, nickel and cobalt. With copper, 
in addition, it gives rise to an unstable asscciated or additive complex of the cupra- 
amumine type. These two copper complexes can be represented by formulae II and JI. 


N - 4 ae 
iy oct. OM ote” as WA me fi 
| | - ae ee eS Ce | Cul N Nu | | 
Wg We ee. A Non 4) 
(I) (il) (il 


The compound (11) is red and very stable, while (I1I) is blue and unstable, readily 
changing into the red forin with the separation of benzimidazole. 

The red compound gives a magnetic moment of 1.81 Bohr magneton and the blue, 
195. The magnetic moment of the blue compound agrees with the value for Cu”” in 
simple cupric salts, viz. 1.90 to 2.20. 

Ray and Sen (this Journal, 1948, 25, 473) have demonstrated that penetration 
complexes of copper with planar dsp? bonds show a comparatively low magnetic moment 
iying between 1.72 and 1.82 Bohrs_ than its ionic or tetrahedral complexes or even 
planar compiexes of sp*d type for which the moment value agrees with that of Cu** in 
simple cupric salts, viz. 1 90 to 2.20: ‘The authors attributed this change to the greater 
quenching effect of the orbital moment of the single unpaired electron in the penetration 
complexes of copper with planar dsp* bonds than in its associated complexes with ionic 
tetrahedral or planar sp*d bonds. For, in the former, the eiectron is promoted to a 
higher level where it is more cffectively exposed to the fields of nei, hbouring atoms 
and ions. Hence, in the penetration complexes of copper the magnetic moment approa- 
ches that value, theoretically expected on the Bose-Stoner formula, viz. 1.73 Bohr. 
It may therefore be concluded on the above reasoning that the red, stable benzimidazole 
complex of copper is of the penetration type with planar dsp* bonds ‘The blue unstable 
sulphate is an associated comp!ex of the ionic tetrahedral or planar sp*d type. 


The magnetic moment of the nickel complex is 3.09 Bohrs. According to Bose 
Stoner formula the moment for simple Ni‘* ion is 2.83 Bohrs. The observed magnetic 
moments for simple Ni** ion, however, varies from 3.20 to 3.44. Thus, the observed 
value for the benzimidazole complex of nickel agrees more or less with that of simple 
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Ni** ion in spite of its being a fairly stable inner-metallic complex. Magnetochetnically 
it really belongs to the associated type. 

The cobaltous bisbenzimidazole, an unusually stable complex of the inner-metailic 
type, presents an interesting example from the magnetochemical point of view. its 
moment of 3.85 Bohrs is lower than that for simple Co** ion in simple cobaltous salts, 
which lies between 4.5 and 5.0. The value is, however, higher than that for cobaltous 
complexes of peuetration type, viz. 2.66 Bohrs, as has been reported by Ray and Ghosh 

this Journal, 1943, 20, 323°. The value agrees with that of some of the cobaltous 
complexes of the associated type studied ‘cf. Mellor and Goldaeare, Proc. Roy. Soc. 


N.S. Wales, 1940, 178, 233). 


EXPERIMENTAL 


Benzimidazole was prepared according to the method described by Wundt (Ber., 
1878, 11, 826). o-Phenleynediamine (54 g.) was heated with 00% formic acid (32 ¢c.c.) 
on the water-bath for 2 hours. ‘he mixture was then treated with 10% caustic soda 
till alkaline. The liberated benzimidazole was filtered and purified by recrystaliisation 
from hot water, m.p. 171-72°. 

Copper bisbenzimidazole was obtained as a bright red precipitate by adding 
ammonia to a mixture of copper sulphate and benzimidazole in aqueous solution. ‘The 
precipitate was filtered and washed thoroughly with hot water and alcohol and dried 
iz air. Dilute acids decomposed the complex with the formation of simple copper salts. 
{[Found: Cu, 21.41; N, 18.86. Cu (C,;H,N2). requires Cu, 21.36; N, 18.32 per cent }. 

Copper tetrakisBenzimidazole Sulphate.—When a concentrated solution of copper 
sulphate was treated with un alcoholic solution of benzimidazole a blue precipitate was 
formed atonce. This was filtered and washed first with cold water and then with 
alcohol and dried in air. The substance is unstable and readily changes to the red 
compound discribed above, ‘The dry substance is, however, fairly stable. {Found: Cu, 
9.36; N, 16.73; SO,, 14.20. [CulC;H,N,} ]SO,. 2.5 H.O requires Cu, 9.39; N, 16.55; 
SU,, 14.18 per cent}. . 

Nickel bisbenzimidazole was obtained as a dirty violet precipitate by adding ammoni- 
acal nickel sulphate (cobalt free) solution to that of benzimidazole in hot water. The 
substance was washed and dried as in the previous case. [Found: Ni, 18.81; N, 18.20. 
Ni(C,H,N,), requires Ni, 18.88; N, 18.04 per cent]. 

Cobalt bisbenzimidazole separated as a brilliant violet crystalline precipitate when 
very dilute ammonia was added dropwise to a mixture of cobalt sulphate (nickel free) 
and benzimidazoic in warm water. The precipitate was washed with cold water and 
alcohol and dried in air. It resembles the corresponding copper and nickel compounds 
in properties. [Found: Co, 20.12; N, 19.15. Co (C,;H;N,), requires Co, 19.90; N, 19.29 
per cent]. 

Measurement of Magnetic Susceptibility.—The susceptibility of these compounds 
was measured according to Gouy’s method as described by Ray and Ghosh (ioc. cit.). 
The molecular susceptibility has been corrected for atomic and ionic diamagnetism. 
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From the corrected atomic 


susceptibility for the central metal ion, the va: ‘e of its 
magnetic moment in terms of Bohr magnetons was calculated from the relation 


Me = 2.847 xax T. 
+ 


Results of magnetic measurement are given below. 
7 


TABLE I 
Substance. Temp. xg X x08, xu X 108, xa X108, Me 
Cu(C;H;5N,), 32° 4.20 1249.5 1379.8 1.83 
[Cu(CzHgNo\s|SO4.2.5H,O i 1.88 1264.3 1584.6 1 96 
Ni(C;HsNo?e ™ 13.10 3834-4 3964-7 3-09 
Co(C7HsNy)o » 20.7: 5955-4 6086.1 3-85 


The author thanks Prof. P. Ray for encouragement and laboratory facilities. 
CHEMICAL LABORATORY, 
SCIENCE COLLEGE, 
PATNA § 


Received Juné 21, 1951: 
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ESSENTIAL OIL FROM THE LEAVES OF ATALANTIA MONOPHYLLA 
(D.C. PRODR, FLOURBINDAWIGHT), WILD LIME OIL 


By U. G. NayAK AND P. C. GuHA 


The essential oil (c.4-0.6% on dry leaves) from the leaves of Atalantia monophylla comprises I-sabinene 
(38%), I-iinmalol (14%), I-linalyl acetate (17%) and unidentified higher terpene esters (29%) belonging 
to azulene group. Physical and chemical constant: of the oil have been determined. 


Atalantia monophylla, a shrub or treelet about 6 metres tall with short sharp spines 
belongs to the Rutasceae family? It is distributed throughout S. India. The oil under 
investigation was ob‘ained from the leaves collected from the Hosur Cattle Farm, near 
Bangalore. 


The berries of the Alalantia monophylla yield a warm oil which is in naiive medi- 
cine considered as valuable in chronic rheumatism and paralysis (Ainslic: cf. Kirtikar 
and Basu, ‘‘Indian Medicinal Plants’’, Vol. I, pp. 481-82:. In the Konkan the leaf 
juice is an ingredicnt in a compound liniment used in hemiplegia. In Ceylon the fresh 
leaves are bruised, mixed with sait and heated, and then applied to the part bitten by 
a snake ‘Roberts : cf. Kirtikar and Basu, Joc. cit.). 


Steam-distillation of the Oil from the Leaves.—A total of 600 Ibs. leaves of Ataiantia 
monophylla was distilled in steam under different conditions and the yield of the oil 
and its characteristics were examined (cf. Chobe and Rao, Proc. Soc. Biol. Chem. Inidia 
1937, 2, 16). The yield of the oil varied from 0.4 to 0.6% onthe dry leaves. An 
appreciably smaller yield was obtained after drying, indicating a loss of the oil during 
drying. ‘The ratios of the oil to steam, when blowing through the raw material, were 
0.0094 and 0.22 respectively. 


The oil is brown in colour with a pleasant citrus odour, very similar to the oil 
from the carpels of xanthoxylum badrunga, which isa popular flavouring material 
in Mysore and S. India. With superheated steam up to 16v°, a quantity of the oil 
coming out per unit area of steam was double that at roo° for every 10° rise in tem- 
perature. Distillation in steam at 100 mm. gave a low ratio of 0.15. 


The essential oil from the leaves of Atalantia monophylla had not been examined 
in detail by any of the previous workers, though the oil was obtained for the first time 
by Chobe and Rao (loc. cit.) who examined the oil just for its analytical constants. 
Besides comparing its analytical constants with that observed by those workers, the oil 
has now been examined in detail and its chemical constituents have been isolated 
and characterised. A comparative values of the analytical constants of the oil are given 
below. 





Si, 
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As observed by the authors. By Chobe and Rao. 
1. Density at 30° 0.8675 0.8561 
2. Refractive index 1.4650 at 31.5°. 1.4600 at 30 
3. Optical rotation 234.18° at 28° -33.2° at 30 
4. Sapon. value 92.85 79-3 
5. Do after acetylation 139-3 113.5 
6. Acid value 6.85 o8 


The oil soluble in one volume of 90% alcohol. 
EXPERIMENTAL 


Fractionation of the Oil under reduced pressure.—The oil (285 g.) was fractionated 
under reduced pressure using a Vigreux column of about 21 inches long and the follow- 
ing fractions were collected and their analytical constants noted. 


TABLE I 
Fractions. Yield. qs2. [a}*5. ee Sap. Sap. value Acid Colour 
value, (after ace- value 
tyln.) 
I. 48°-60°/3-4 mm. 110g. 0.84805 -67°.59 1.4518 10.18 19.5 2.4 Colorless 
(38.6%) (10% soln. 
in CHC],) 
If. 70°-85°/3-4 93 g- 0 89540 —18°.7 1.4541 154-5 240.8 3.1 Do 
(33%) 
III. 100°-125° / 3-4 15 g. 0.93920 — 4°.95 1.4680 136.1 145.6 i5.7 Yellowish 
IV. 125°-130°/3-4 II 0.96550 — 0°.97 1.4773 1c9.2 1314 18.9 Do 
V. 140°-150°/0.05 3 0.9780 *+ 2°.587 1.4786 114.5 ~ -— Reddish 
brown 
V1. 175°-178°/0.05 5.5 0 9787 —14°,33 1 4801 110.9 — — Do 
VII. 180°-190°/0.05 6.6 0.9801 + 2°.123 1.4876 14I 3 _ Do 


It is quite clear from the analytical constants that fraction J consists mainly 
of hydrocarbons and fraction II, mainiy of esters and alcohols. Further, it was observed 
that after distilling off the fractions I-IV the higher boiling fractions were 
either polymerising or decomposing. Hence, attention was drawn mainly towards 
fractions I and II and to determining its chemical constituents. 

Refractionation of Fraction I (48°-60°/3-4 mm.‘.—The hydrocarbon fraction 
(48°-60°/3-4 mm.) was then fractionated carefully under reduced pressure of 8 mm. and 
three fractions were coliected and their analytical constants were determind as in Table II. 


TABLE iI 
Fractions. vield. ad3¢. [B);°. os? Sapon Sapon valne 
value. after acetyla- 
tion. - 
I. 50°-52°/8mm. 181g. 0.84245 -50°.10 1.4608 23.22 - 
2. §2°-54°/8 72 0 84675 -54° 66 1 4636 3-57 6 56 
3. 56°-59°/8 8.4 0.84847 ~44°.24 “1.4655 5.8 - 
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The optical rotations of the fractions 1, 2 and 3 in Table II were also noted with 20% 
solutions in chloroform and they were calculated as -94°.5, -98°.62 and -77°.49 
respectively. 

The fraction 52°-54°/8 mm. was again fractionated over metallic sodium at atmos- 
pheric pressure and was collected at 158°-159.5°/685 mm. ‘This had the following analy- 
tical constants: d?$ =0.8417; no° =1.4647; [2]}°= —58°.06 and —112° (with 20% solu- 
tion in chloroform). : 

This fraction gave no nitrosochloride or bromide but with dry HCI gas in ethereal 
solution gav. terpinene dihydrochloride, m.p. 52°. It also gave on oxidation sabenenic 
acid, m.p. 57° Thus, it was characterised as l-sabinene (38% of the oil). 

Re fractionation.—The fraction 70°-85°/3-4 mm. was then fractionated carefully 
under reduced pressure and was separated into the alcohol and ester fractions. 


Tasie III 


Fractions Yield. a33. ny** [a)3* Sap. value. Sap. valne 
after acetyl. 
1. 70°-75°/2 mm. 40 g. 0.87049 1.4655 -18°.02 32.6 223.3 
2. 75°-80°/2 48.8 0.90869 1.4520 -8°.59 232.9 243.4 


The fraction 70°-75°/2 mm. was again fractionated and a pure fraction distilling at 
72°-73°/4-5 mm. was collected. This had the following constants. 


Boiling point at 685 mm. .» 193-94° 
Specific gravity at 25° eee © 87091 
Ref. index at 26° ae we» 1.4653 
Sapon. value eco we 5-92 
Sapon. value after acetylation — «+ 244.3 


The alcohol fraction gave with isocyanate, the urethane derivative C;sH;NHCO,.C,,Hi, 
(Found: N, 5.21%. Cale. N, 5.12 per cent). m-.p. 65°. On oxidation it gaea 
citral. Thus it was charcterised as I-linalol. 

The ester fraction 75°-So°/2 mm. was fractionated and two fractions were collected 
and their analytical constants noted as follows. 


TaBLe IV 
Fractions. Yield. a3°. ni {a}3° Sap. value. Sap. value 
after acetylation 
I. 105°-108°/16 mm 8.2 g. 0.92309 1.4536 -10°.56 185.8 220.8 
2. 108°-110°/16 30.5 0.91148 1.4514 - 9°.57 245.8 245.9 


It was clear that the ester fraction 108°-110°/16 mm. was quite pure as the sap. 
values remained unaltered before and after acetylation. The ester on saponification 
liberated I-linalol which was characterised in a similar manner as above. The acid 
portion of the ester was then characterised by preparing the silver salt of the organic 
acid. The aqueous layer after saponification of the ester was acidified with sulphuric 
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acid and the organic acid steam distilled. The aqueous distillate was neutralised with 
Na,CO; and concentrated. It was then filtered hot and on cooling, after a few days the 
sodium salt crystallised. ‘I‘he silver salt was then prepared and this on analysis gave 
the following results. 


I. 0.4725 g of silver salt gave 0.3024 g. of silver. 
II. 0.4435 g. of silver salt gave 0.2835 x. of silver. 
Percentage of silver in 1 =64.0 
Percentage of Silver in 11=63.93 
Percentage of silver in CH; COOAg =64.67 


Thus the values of the percentage of silver salt prepared agreed nearly with the 


theoretical value of 64.67. Thus the ester was identified as /-linalyl acetate. 
These higher terpenes might be belonging to the sesquiterpenes of the 


azulene group as it was observed that the higher boiling fractions, other than those that 
were characterised, were observed to be giving deep blu2 colorations with bromine 


_—— 
dissolved in giacial acetic acid. 


Received May 25, 1951 
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PROPERTIES OF A CLAYEY SOIL OF WEST’ BENGAL. CHEMICAL, ELEC- 
TROCHEMICAL, VISCOUS, X-RAY AND PETROGRAPHIC STUDIES 


By B. CHATTERJEE 


The chemical, mineralogical, X-ray, electrochemical and viscous studies of the clay fraction of a hea- 
vy ‘ahtel’ soil from Hoogly, W.Bengal are described. On the basis of these studies it is estimated that 
the clay contains 10, 52 and 40% of montmorillonite, illite and kaolinite respectively. The importance of 
such studies to various soil types so far as their use, capabilities in agricultural, ceramic and engineering 
enterprises are concerned has been briefly discussed. 


The need of systematic studies on the nature and amounts of secondary silicate 
minerals, known as clay minerals, present in soils, can no longer be questioned(Joffe, 
“‘Pedology’’, 1949). Such studies afford valuable information which is of vital importan- 
ce in agricultural, ceramic and engineering enterprises. Chemical, electrochemical, vis- 
cous, optical, X-ray and thermal dehydration studies have been requisitioned for this 
purpose. The present paper recofds the results obtained with a clayey soil of West 
Benzal, collected from Hoogly and locally known as ‘Ahtel’ soil. 


ExPERIMENTAL 


The 1 micron fraction was _ isolated frcm the soil using International-Scda 
method (Robinson, Imperial Bureau of Soil Science, ‘Technical Bulletin No. 26, 1933). 
This fraction was repeatedly leached with 0.03N-HCI, excess acid washed off with 
distilled water, and finally the clay was dispersed in redistilled water. 


Chemical Analysis.—The percentages of SiO,, Al.O;, Fe.O;, MgO, K,O0,CaO of the 
H-clay, determined by fusion analysis, are 53.80, 30.70, 13.00, 0.51, 2.50 and 0.29 res- 
pectively. The presence of 0.20%Ca (0.29% Cao) is rather interesting. Whether the 
calcium is present within the lattice or is due to the presence of comminuted unweathered 
primary minerals is still an open question. Assuming that all the potassium comes from 
illite, the percentage of the latter in the <1p ‘ahtel’ clayco esto about 40% according 
the formula (OH),Ky (Aly.Fes. Mgs.Mge) Sis-yAlyOoo, where y has value of 
1.0 (Grim et al., ‘Amer. Min., 1937, 22,813). Further, if the whole of Mg present 
in <1 H-clay be attributed to its montmorillonite content, the percentage of the latter 
approximates to about 13% according tothe formuia (OH). Alj.¢7Mgo.335i401. (Ross 
and Hendricks, U.S. Geological Survey Professional Paper No. 205-B, 1945). The 
percentage of kaolinite in this H-clay, thus, comes tolabout 46% ‘100~-40~14). 


X-ray Studies.—The X-ray patterns were made of the glycerol-solvated, calcium- 
saturated clay using the Geiger counter X-ray spectrometer (Jeffries and Jackson, Soil 
Sci., 1949, 68, 57). The complete equipment consists of an X-ray generator, a motor- 
driven scanning unit and a recorder upon which were reproduced the angles and inten- 
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sities of the characteristic reflections from the sample. ‘The percentage of minerals in 
the ‘ahtel’ clay was estimated by the intensity of the various diffraction lines relative to 
that of the respective lines of standard patterns. Some of the significant spacings 
observed in the powder pattern of this clay are 18.44, 10.05% and 7.254, which indicate 
the presence of montmorillonite, illite and kaolinite in the ‘ahtel’ clay. The approximate 
percentages of the three clay minerals as calculated from intensity measurements come 
to 10, 50, and 4o in the order mentioned above. Considering the limitation of the 
methods used for measuring intensity arising out of (1) variation of lattice distortion and 
crystal habit; (2) occurrence of amorphous components in clays and (3) decrease of 
diffraction intensity with decreasing particle size, the relative amounts of the three clay 
minerals, as determined by the chemical and X-ray methods, seem to agree fairly well. 
Factor {2) also renders difficult the interpretation of the analytical data in relation to 
the amount of different clay minerals present in the clay. 


Electrochemical P-operties.—The variations in the px of 0.91% H-clay on the 
addition of increasing amounts of NaOH are shown in Figure 1. The pu-alkal 
concentration curve shows an initial weak acid character followed by a sharp inflexion 
at px 8.4. ‘The base-exchange capacity calculated at this point in the curve comes to 
55.0 milliequivalents per 100 g. of clay. ‘The potentiometric titration curve is apparently 
similar to that of montmoriilonitic clay. This resemblance is, however, only superficial 
as the presence of three clay minerals is suggested by X-ray data. The presence of 
appreciable amount of illite in this clay is also indicated by the results of fusion analysis. 


FIG 1 
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Viscous Property.—The viscosity-alkali concentration curve ‘Fig.1) of the H-clay, 
prepared from the ‘ahtel’ soil, shows the following features: (i) an initial decrease, 
(ii) then an increase showing a maximum, and (iii) finally a decrease tending to a 
constant value. The changes in the viscosity in these three stages are, however, very 
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small. The initial decrease may be ascribed to the presence of illite or kaolinite in this 
clay (Mukherjee and Mitra, Nature, 1944, 154, 821; Chatterjee, this Journal, 1950, 27, 
268. and the subsequent increase to the presence of montmorillonite. The nature of the 
curve suggests that the amount of montmorillonite present in this clay is very small. 


Petrographic Studies—The amounts of heavy and light minerals present in the fine 
and coarse sand fractions have been determined to gain, if possible, information on the 
genesis and development of the ‘ahtel’ soil. The light and heavy fractions were sepa- 
rated by means of bromoform using a hand centrifuge. These fractions were then 
examined under a petrographic microscope. ‘The results have been presenfed in Table I. 


TABLE I 
Light fraction Heavy fraction 
(go% by weight). (10% by weight). 
Coarse sand Quartz on, ee Iron oxide .» Abundant 

Orthoclase — 

Microcline « «=O Green horn blende a Very few 

Plagioclase a BS 

(andesine+ 

labredorite) 

Fine sand Quartz --- 60% Iron oxide ie 8% 

Orthoclase . §=—$% (magnetite, and ilmenite) 

Microcline ww +=99% 

Plagioclase + 25% 

(andesine and Iron oxide sn 33% 

labradorite) (limonite, haematite, etc.) 
Epidote one 13% 
Zoisite-clinozoisite eis 21% 
Green horn blende nas 8% 
Brown horn blende a 2% 
Zircon hn _ 7% 
Brown tourmaline _ 3% 
Blue tourmaline ns 2% 
Biotite ove 1% 
Garnet wie 1% 
Rutile oe 1% 


The results of mineralogical analysis suggest that the ‘ahtel’ soil is fairly mature, 
especially as indicated by the high percentages of quartz and zircon present, and: that 
the soil is far away from the parent rock. The soil seems to have been derived from 
metamorphosed igneous rocks of Chotanagpur region in Bihar. 


The practical values of the results detailed in the present paper lies in the fact that 
they show that ‘ahtel’ soil has a fair reserve of potassium. The amounts of fertilizer 
applied should be moderate, for if too little fertilizer is applied to it, the montmorillonite 
part will adsorb it and will not release the food to the plant (Chatterjee and Marshale 
]. Phys. Coil. Chem., 1950, 54, 671), while with abundance there is a chance of some 
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of the plant food being lost under moderate to heavy drainage. ‘The relative proportion 
of the three clay minerals present in ‘ahtel’ suil, as also the nature of the exchangeable 
cations (Ca,16.8; Mg, 6.4; K, 2.1 milliequivalents per 100 g. of soil), account for the 
observed physical and mechanical properties of this soil, which are of importance in 
engineering enterprises, e.g., swelling, shrinkage, plasticity, permeability and hydration. 
These indicate that ‘ahtel’ soil is fairly suitable for earth-dam construction and as 
fill-material after stabilization by densification, but as such not suitable for air-port and 
high way construction (Chatterjee and Ghosh, Curr. Sci., 1951, 20, 181). 

The author takes this opportunity to offer his sincere thanks to Dr. S. R. Sen 
Gupta, Principal, Bengal Engineering College for his kind interest in the work, and 
to Dr M. L. Jackson, Prof. of soils, University of Wisconsin (U.S.A.) for X-ray analysis. 


DEPARTMENT OF CHEMISTRY AND METALLURGY, 
B.E.CoLLEGE, Howran, W.BENGAL. Received July 28, 1951. 
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CHEMICAL EXAMINATION OF IPOMOEA MURICATA SEEDS. PART I 
By A. L. Misra anp J. D. Tewari 


The seeds of Ipomoea muricata have been chemically examined. Steam distillation does not yield 
any steam-volatile product. The seeds on complete incineration gave 5.65% of a greyish white ash. 
From the crushed seeds a crude enzyme has been prepared and purified by fractional precipitation 
with ammonium sulphate. The pale yellow semi-drying oil, obtained in about 8.4% yield from the seeds, 
gave on analysis: oleic 58.85%, linoleic 18.61%, linolenic 1.13%, palmitic 7.83%, stearic 11.23%, 
dihydroxystearic acid 0.8-1%. No behenic acid as reported by previous workers could be obtained. The 
unsaponifiable matter (1.09%) was found to be a mixture of three sterols, m.p. 134-35°, 127-29", 
119° and of the composition CyHyO, Cy,Hy0.H,0. 


Ipomoea muricata (N. ©. Convolvulaceae), commonly known as ‘Kaladana’ in 
Hindustani, a native of Persia and the Himalayas, is an annual climbing plant found as 
a weed in many parts of Konkan, particularly in the rainy season. Ayurveda describes 
the seeds as laxutive, carminative and asa cure for inflammations, abdominal diseases, 
fevers, headache, diseases of head and bronchitis. Ipomoea hederacea, for which 
Ipomoea muricata is commonly used as a substitute, has long been known in India as 
an efficient cathartic closely allied to Jalap and the extract, tincture compound powder 
and resin were made official in the Pharmacopoeia of India. 


According to Kirtikar and Basu (“Indian Medicinal Plants’’, Part II, p .873), “The 
seeds are used chiefly as a substitute for those of Ipomoea hederacea. The medicinal 
properties seem to be the same as those of ‘Kaladana’, but accurate observations are 
required”. The juice of the p!ant has insect repellant properties and seeds have purga- 
tive properties (cf. Desai, ‘‘Materia Medica and Therapeutics of Indian Plants’’;}. But 
for a preliminary examination of a few species of Ipomoea including Muricata by Kass- 
ner (Phram.]., 1924, 112, 325), and the examination of the fatty oil from seeds by 
Kelkar, Phalnikar and Bhide (this Journal, 1947, 24, 87), no detailed examination seems 
to have been made. M. P. Singh (Doctorate thesis, 1949, Allahabad; Proc. Indian 
Sci. Cong., 1049, Part III) in these laboratories reported the presence of a fixed oil, 
a phosphatide and a glucoside in Ipomoea muricata seeds, but no detailed examination 
regarding the constitution and the nature of these bodies by various analytical methods 
was made. 

In view of the great medicinal importance of the seeds and insufficient know- 
ledge of the constituents, it seemed desirable to subject them to a more thorough and 
systematic chemical examination. 


EXPERIMENTAL 


The seeds of Ipomoea muricata for the investigation were obtained from the Himalayan 
Drug House, Dehradun, India. 
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The seeds on complete incineration in a weighed nickel crucible gave 5.65% of a 
greyish white ash. The ash was found to contain sodium, potassium, chloride and sul- 
phate in the soluble part and silica, calcium, magnesium in traces, and phosphate and 
carbonate in water-insoluble part. A preliminary examination showed the absence of any 
alkaloid, steam-volatile product and saponin. On soaking the seeds in water, a bacterial 
fermentation set in evolving carbon dioxide. Aqueous exiract of the seeds gave positive 
tests for the presence of tannins and a glycoside. -A crude enzyme obtained from the 
seeds gave positive tests for sulphur and nitrogen, a crystalline precipitate with potassium 
bismuthiodide and a flocculent precipitate with lead acetate. By fractionally precipita- 
ting the solution of the impure enzyme by ammonium sulphate, the substance was freed 
from the accompanying carbohydrates. ‘This purified enzyme gave negative tests for 
«-glucosidase, catalase, amylase, but a positive test for the presence of 8-glucosidase. 


The reduction of 8-glucoside ‘salicin) was conducted in two flasks in which equal 
amounts of the extracts were taken. To one 0.5 g. of salicin was added and the other 
served as a ‘control’. The flasks were kept in an incubator for 3 days at 30°-35°. On 
the fourth day, the extract containing salicin was found to reduce Fehling’s solution. 


Usually the enzymes are equally distributed in various parts of the plant. A part'- 
cular enzyme may be present in one part of the same plant (Oosthuizen and Shedd, 
J. Amer. Chem. Soc., 1913, 35, 1289). The production of these enzymes in the plant 
goes on varying according to the metabolic changes, and the amount of enzyme present 
is governed by the amount of the substrate existing therein (“‘Fisenberg Beitrage Zur 
Kenntine Entstchungs holding ungen distatic cher Enzyme in hOheren Pflazen Flora”’, 
1907, PP- 97, 347): 

A pale yellow semi-drying oil (about 8.4%) was obtained along with a large 
quantity of crude glucosidic resin during extraction of the seeds for glucoside. Accord- 
ing to Kassner (ioc. cit.) the oils from these species have similar chemical and physical 
properties and are very similar to one another. Kelkar et al. (loc. cit.) reported the 
presence of oleic, linoleic, linolenic, palmitic, stearic and behenic acids to the extent of 
40-97%, 15.1%, 3.92%, 13.66%, 22.55%, 3.784%, respectively in this fatty oil. They 
also found behenic acid to the extent of 6.64% in the fatty oil of Argyria speciosa, 
Sweet (N. O. Convolvulaceae) ‘this Journal, 1947, 24, 83). Hilditch (“‘Chemical Consti- 
tution of Oils and Fats’, Chapmann and Hall, 1940, p. 311) has remarked that ‘“‘Behenic 
acid is the chief constituent of behen oil. It is possibly present in small proportions in a 
number of seed fats e.g. groundnut oil, rape seed oil and perhaps in other cruciferous 
seed oils. In none of these instances it forms more than 1% of the mixed fatty acids of 
the seed fat’’. Presence of behenic acids to the extent of 3.784%, 6.64% in the two oils 
belonging to N. O. Convolvuiaceae led Kelkar et al. (loc. cit.) to concicde that behenic 
acid probably formed one of the component fatty acids from the seed fats belonging to the 
same Natural Order. In view of the wide divergence noted in the different constituents 
from those reported by previous workers, and in view of their above generalisation, it 
was deemed proper to throw more light on the nature of the component fatty acids 
from the oil. 
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Chemical Examination of the Fixed Oil 


The crushed seeds (100 g.) were extracted with the following solvents successivel 


° 


with the following results. The extracts were dried at 100°. 


TABLE I 
Solvent. Extract. 
1. Ether av 8.25% 
2. Petroleum ether (b.p. 40°-60°) P 8.40 
3. Benzene eos 12.33 
4. Acetone ian 12.60 


The seeds (20 seers) were crushed and exhaustively extracted with petroleum ether 
(b.p. 40°-60°). The glucosidic resin which remained dissolved in the hot oil separated 
out on cooling and could be freed from the oil by decantation. A very small fraction of 
the resin which did not separate from the oil on cooling was recovered by adding a very 
large excess of cold petroleum ether when the resin precipitated out asa jeily. Finally, 
the oil was purified by animal charcoal and Fuller’s earth. The purified oil had no taste 
but a faint aromatic smell, when fresh. It does not contain nitrogen or sulphur and burns 
with a smoky flame. It is optic@lly inactive. The oil had the following constants: 
Sp. gr., 0.9136; sap. value, 192.3 ; iodine value, 83.26. 

The oil was saponified in the usual manner with alcoholic caustic potash and the 
soap so formed was dried. It was then exhaustively extracted with ether and the 
unsar onifiable matter removed. The s%ap remaining after removal of the unsaponi- 
fiable matter was decomposed with dilute sulphuric acid in presence of ether, and the 
fatty acids were obtained in solution in ether. The exiract was washed with water, 
dehydrated over anhydrous sodium sulphate and on removal of the solvent the mixed 
fatty acids were obtained having the following constants. 


TABLE II 
Consistency at 25° pans ove sina Semi solid 
Neutralisation value thee ved se 198.0 
Mean molecular weight ove ove " 283.3 


The mixed fatty acids were separated into saturated and unsaturated acids by 
Twitchell’s lead-salt alcohol process{Ind. Eng. Chem., 1921, 18, 806). The following 


table gives the relevant data. 
TABLE III 


Acid. Vield. i VW Neutralisation Mean M. W. 
value. 

Solid 19.66% 0.82 201.7 278.2 

Liquid 80.34 130 23 189.2 206.6 


Examination of Liquid Acids 


Elaidin test.—'The liquid acids gave positive test showing the presence of oleic acid. 
Oxidation with KMn,.—The acids (10 g.) were dissolved in aqueous caustic potash 
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and oxidised by a dilute KMn, solution at room temperature according to the method of 
Hazura (Leukowitsch, ‘‘Chem. Tech. Anlysis of Oils’ 6th Ed., Vol. [, p. 1575), whereby 
alithe acids i.e. dihydroxy-'m.p. 131°), tetrahydroxy-(m.p. 172°) and hexahydroxy 
stearic acids (m.p. 115-16°) were otained indicating the presence of oleic, linolenic, 


linoleic acids respectively. 


Quantitative Examination of Unsaturated Acids.—The constituents of the unsatura 
ted acids were determined by the method orginally suggested by Kibuer and Muggen- 
thaler (“‘Chem. Tech. Oils, Fats’’, 5th. Ed., p. 1573) and later on worked up extensively 
by Jamieson and Barehmann (J. Amer. Chem. Soc., 1920, 42, 1197). According to 
this method, the bromine addition products of unsaturated acids were prepared and 
separated : hexabromide, m.p. 175° ‘corr. 177°) ; tetrabromide, 116-17° (corr. 114°) 

Finally tre bromine content of the residue was determined by Piria and Schiff's 
method and from this the percentages of oleic dibromide and linoleic tetrabromide were 
calculated, and hence the weights of the two acids were found : 


1. Wt. of unsat. acid = 5.401 &- 
2. Wt. of hexabromide = 0 2072 g. 
3. Wt. of linolenic acid = 0.0750 g. 
% T,inolenic acid = 1.406 
4- Wt. of linoleic tetrabromide = 0.7527 g 
5. Wt. of linoleic tetrabromide + oleic dibromide = 8.1763 g. 
6. % Bromine in the residue = 40.1 
7. Wt. of linoleic tetrabromide in the residue = 1.9721 g. 
8. Wt. of oleic dibromide in the residue = 6.2047 g.- 
9. Wt. of linoleic acid = 1.2715 g. 
10. Wt. of oleic acid = 3.9586 g. 
% Linoleic acid = 23.17 
* Oleic acid = 73.26 
The corresponding percentages in mixed acids are ‘ 
Oleic 58.85 
Linoleic 18.61 
Linolenic 1.13 


Examination of Saturated Acids.—The solid acids were converted into their methy] 
esters. The acids were dissolved in four times their weight of absolu‘e methyl alcohol 
with 2% concentrated sulphuric acid by weight and refluxing for about 12 hours. After 
distilling about 70-80% of the methyl alcohol, they were taken up in ether and the 
unesterified acid removed by washing with dilute potassium carbonate. These were 
taken up and subjected to fractional distillation under reduced pressure. The boiling point 
and pressure were recorded in each case. The acids from each fraction were isolated 
by fractional crystallisation through acetone, their melting points determined and were 
found to be palmitic, stearic and dihydroxystearic acids re spectively under 3.2 cm. pressure 
and the temperature at which three fractions were obtained were 210°-15°, 220° and 


above 220°. 
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Fraction A yielded an acid of m.p. 61-62° which was found to be palmitic acid by 
nixed mnelting point. 

Fraction B gave an acid oi m.p 69-71°, identified to be stearic acid by mixed melting 
point. It was admixed with another acid of molecular weight 311 (silver salt method) 
and m.p. about 135°. [Found: C, 69.01; H, 11.40. Cale for dihydroxy stearic acid (316), 
C,sH;.0,: C, 69.23 ; H, 11.53 per cent]. 

Fraction C gave only stearic acid of m.p. 69-71°. The percentages of the component 
solid acids thus obtained were found to be palmitic 30.85%, stearic 57.15%, dihydroxy- 
stearic 1-2%, and so the composition of the mixed acid is palmitic 7.83%, stearic 11.23%, 
dihydroxystearic acid 0.8-1%, oleic 58.85%, linoleic 18.61% and linolenic 1.13%. No_ be- 
henic ccid, as reported by previous workers, could be obtained. ‘The high value of the 
percentage of solid acids {40%) and the isolation of behenic acid by previous workers 
might probably be due to the fact that proper care seeined not to have been taken by them 
to free the oil from the glucosidic resin invariably accompanying il. In fact, no mention 
of any such glucosidic resin has been made by them. In a subsequent paper much 
more light has beer thrown on the probable nature of the glucusidic body as obtained 


from the seeds. 


Chemical Examination of Unsaponifiable Matter 


The unsaponifiable matter was an oily semi-solid material {1.09%) which deposited 
a crystalline matter on concentrating the ethereal solution. It was filtered off, washed 
with a little cold aicohol and the filtrate collected separately. The crude mass on being 
digested repeatedly with animal charcoal in boiling 95% alcohol-gave a pure crystalline 
compound answering to all the tests of phytosterols, m.p. 134-35°; acetate, m.p. 
124-25°. ‘The optical rotation of this sterol in chloroform solution, [2],°=— 30°.o. 
(Found : C, 84.01 ; H, 12.0. C2,;H4eO requires C, 84.38 ; H, 11.93 per cent). 

The filtrate was concentrated and after cooling it was kept on ice with petroleum ether 
in a small conical flask and the solid separating was washed and filtered. The process 
was repeated again and crystals separated.. The crop of crystals melted at 127-20° 
after crystallisation from boiling 95% alcohol. he acetate melted at 119-20°. The 
specific rotation in aicohol was [a]5°=—30°.5 

From the filtrate, the petroleum ether was removed and the residue treated with 
absolute alcohol and animal charcoal, and boiled. After filtering, the liquid was cooled 
in a frigidaire, when a further crop of very fine crystals of m.p. 119° was obtained. 
The acetate melted at 83-84°. ‘This compound seemed to be impure, for its melting 
point on two crystallisations could be further raised to 125-26°. From the literature 
it appears to be a dihydrosterol. (Found.C, 79.8; H, 11.78. Cz7Hy.O. H,O requires 
C, 80.2 ; H, 11.88 per cent). 

The mother-liquor after removal of the third crop did not deposit any crystalline 
material on standing for several days. 

In the light of the facts supplied by the modern sterol investigations, it is difficult 
to state that the three substances which gave tests for sterols and have been obtained by 
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the author from the unsaponifiable matter of the oil, are the sterols in the purest forms. 
Such fractions have always been found to contain a mixture of a good number of sterols 
and also other alcohols and hydrocarbons. However, as the substances isolated have 
the composition C,,H,.O and C,;H,.O. H.O, these may be considered to be phytosterols. 

One of us ‘A.L.M.) wishes to make a grateful acknowledgement to the Kanta 
Prasad Research Scholarship Endowment Trust of Uttar Pradesh for the award of a 
research scholarship which has enabled him to take part in this investigation. 


CHEMICAL LABORATORIES, Recetved April 6, 1951 
ALLAHABAD UNIVERSITY. 
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THE STEROLS OF JUTE SEED OIL (CORCHORUS CAPSULARIS)}. 
. PART I 


By NiRMAL KuMAR SEN AND JIBAN KUMAR CHAKRAVARTI 


A new sterol (CygHO, m.p. 128-29, [a'»3® = —77°.5) has been reported from the non-saponifiable 
portion of the oil of the seeds of Corchorus capsularis. 


In course of the study of the component giycerides of jute seed oil (Corchorus 
capsularis) by Sen and Meara (communication to the Journal of Science of Food and 
Agriculture, 1951) and the component fatty acids of the oil by Chakravarti and Sen 
(private communication), some quautity of the unsaponifiable matter was isolated from 
jute seed oil. A few years ago a mixture of sterols {m.p. 128°) was isolated from the 
unsaponifiable portion of the jute seed oil by one of the present authors (Sen, this Journal, 
1928, 5, 759) but owing to the small amount of the material then available no further 
characterisation of the sterols was possible. 


Jute seed oil contains about 3% unsaponifiable matter, which consists of a crystalline 
substance or substances representing about 20% of the total unsaponifiable and a gummy 
seini-solid mass which makes up the remainder. ‘The crystalline material consists 
primarily of a mixture of crude sterols from which two pure sterols melting at 128-29° 
and at 116° were isolated by chromatographic method. The higher melting sterol was 
then fractionally crystallised from alcohol and the fractions were worked up as re- 
commended by Anderson et al. (J. Amer. Chem. Soc., 1926, 48, 2976, 2987; J. Biol. 
Chem., 1927, 71, 339} until no further alteration in specific rotation took place. Its 
molecular formula conforms to C,,H;,0, which appears to be iso:neric with 8- and y-sitos- 
terols (Sandqvist et al., Ber., 1631. 64, 2167}, cinchol (Liebermann, Ber., 1884, 17, 868), 
cupreol and quebrachol (Windaus, Ber., 1933, 66, 1254, 1689) and rhammnol {Dirscherl, 
Z. physiol. Chem., 1935, 285, 1), but possesses a higher specific rotation in chloroform 
[2]3° =—77°.5 and lower melting point than any one of the isomeric sterols. It gives 
Liebermann-Burchard reaction and produces with trichloroacetic acid a pale pink 
colour; with chloral hydrate it displays a change of colour from reddish te pale violet, 
pale blue, and finally deep blue. It contains one double bond. It forms a digitonide 
which decomposes without melting at 215°-20°; a benzoyl! derivative, m.p. 137-39°, 
[2]5' =—52°.6 (chloroform) and an acetyl compound, m.p. 120-22°, [*]3°=—70°.1 
(chloroform). It appears to be a new sterol and further work on this material is in 
progress. 


ExPERIMENTAL 


Preparation of the Unsaponifiable Matter.—Refined jute seed oil (300 g.) from Cor- 
chorus capsularis was saponified by refluxing with ethanolic potassium hydroxide 
for three hours. The unsaponifiable matter was separated from this soap solution by 
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extraction with ether by the modified method of Kerr-Sorber (G.S. Jamieson, ‘‘ Vegetable 
Fats and Oils’, 2nd. Ed., p. 390). The residue (3%) obtained after removal of the 
solvent was digested with methyl alcohol under reflux for half and hour, an kept in 
a frigidaire overnight when voluminous white flocculent precipitates separated, and they 
were collected an washed with a little methyl aleohol. The washings were added to 
the filtrate and the filtrate was concentrated under reduced pressure on a water-bath. 
This concentrated solution was kept overnight in a frigidaire when a second lot of 
precipitate was obtained. There was some gummy residue adhering to the flask and 
this was collected szparately. The two crops of sterols were ther dissolved in a moderate 
quantity of petroleum ether (b.p. 40°-60°) and the solution was left in a refrigerator 
overnight whe: beautiful white long needles in cluster arrangement appeared. The 
product was collected by rapid filtration over a Buchner funnel, washed with a little 
methyl alcohol and dried in vacuum over anhydrous calcium chioride. The substance 
melted at 4116°-123°, and showed positive Liebermann-Burchard reaction and ‘was 
precipitated by digitonin. 

Purification by Chromatography.—A concentrated solution of the sterols in petro- 
leum ether (b.p. 40°-60°) was chromatographed through a column (ro cm. * 1.5cm.! of 
Brockmann alumina. ‘Ihe column had the following characteristics : 


(a) Under ordinary light. 


Top 0.5 cm. (approx.) ... Sand colour -gradually fainting. 
Middle ips ... Three narrow bands of faint greenish yellow colour separa- 
ted from each other by 0.5 cm. 


‘b) Under ultraviolet rays. 


Top 0.§ cm. (approx.) ... Sand colcared fluorescence. 

Middle ee .. Four narrow greenish yellow fluorescent bands separated 
from each other by 0.5 cm. 

Other zone = .. Blue fluorescence 


The petroleum ether filtrate from the chromatogram yielded a fraction of sterol 
on crystallisation having m.p. 116°, [2]5° =—57°.g (chloroform) and Liebermann- 
Burchard reaction, positive. ‘The mother-liquor from this operation on complete evapora- 
tion left a semi-solid residue of light greenish yellow colour. This substance did not 
respond to the usual colour reactions of sterol and had its melting point below 100°. 
From preliminary examination this product was found to be a hydrocarbon residue. 

The sand-coloured top layer was removed from the column and worked up to 
give a very minute sterol fraction responding to colour reactions. 


The rest of the column was eluted thoroughly with ether and a major fraction of 
the sterol was obtained from the elute. This fraction had the following characteristics : 
m-p. 125-27°; [*]b° =—69°.5 ‘in chloroform) ; crystalline clusters of needles when 
precipitated from ether; positive Liebermann-Burchard reaction ; precipitated by 
digitonin. This fraction was subsequently investigated. 
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Fractional Crystallisation.—The white crystalline product {m.p. 125.27°) obtained from 
chromatographic separation was fractionally crystailised from alcoho! and the top fraction 
was reerystallised successively from 95% ethyl alcoho! szveral times and their melting 
points and specific rotations were determined cach time. The results are recorded below. 


TasLe I 

Crsstallisations. Melting point. Rotation [a]>° 
‘in chloroform). 

I 126-127° -69°.8 

Il 126-127° -72°.6 

Ill 129.5-127.5° -75°.7 

IV 127-128° “77° +2 

Vv 128-129° -77°.5 


Although the melting points are almost the same in each case, it is evident from the 
variations in optical rotation that the sterol is not absolutely homogeneous after chroma- 
tography. The sterol fraction having maximum rotation (Anderson, loc. cit.) thus 
seemed to be pure. The product was of beautiful shining flakes in appearance and 
quite stable and had its m.p. 128-29° ; specific rotation, [¢]s°=—77*.5 ‘in chloroform). 
[Found: C, 83.92; H, 12.15; M.W., 430 ‘camphor, Rast). C..H;.0 requires C, 
84.05 ; H, 12.08 per cent. M.W., 414). 

Digitonide of the Sterol.—The sterol (o.1 g.) was dissolved in hot 95% alcohol 
and an equal volume of 1% hot solution of digitonin in 90% alcohol was added to it. 
The mixture was allowed to cool and left overnight. Heavy flocculent precipitate 
obtained was filtered, washed well with alcohol and then with a little ether, and dried 
at 110°. ‘The digitonide, thus prepared, decomposed without melting at 215°-220° with 
evolution of grey-white fumes. 

Regeneration of the Sterol.—The digitonide of the sterol was treated with pyridine 
and refluxed for 4 to 5 hours, cooled and then ether added until a slight turbidity 
appeared ; it was left overnight in a frigidaire and next filtered rapidly. The residue con- 
sisted of digitonin which was recovered. The filtrate was treated with dilute hydrochloric 
acid to remove pyridine and hydrochloric acid was washed away by shaking with 
portions of water. The ether layer contained the sterol. The ether was evaporated 
and the residue was treated with tepid methyl alcohol. The solution was filtered and 
the sterol recrystallised from batches of methyl alcohol had its m.p. 128° and specific 
rotation, [*]5°= —77°.1 (in chloroform). 

Sterol Benzoate.—To ensure the maximum possible purity of the sterol it was 
benzoylated by the method as recommended by Callow (Biochem. J., 1931, 25, 79) and 
sterol was recovered by hydrolysis. 

Sterol (1.0 g.) was dissolved in 15-20 ml. of dry pyridine and treated with redis- 
tilled benzoyl chloride dropwise and the flask was shaken and cooled in ice all 
the while until a permanent pink colour appeared. ‘The reaction mixture was allowed 
to stand for 3 hours when the crystals of the sterol benzoaie were obtained directly 
from the reaction flask together with pyridine hydrochloride. This pr: cipitate (fraction 1) 
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was filtered atid washed with a little pyridine and the filtrate wasallowed to cool 
to -4°, when a second crop (fraction II) of crystals was obtained. Fractions I and II 
were well washed with water and finally with alcohol. These aqueous washings were 
added to the filtrate and a third fraction (I1I[j of the precipitate obtained was collected 
and washed. ‘The results as observed are shown in Table II. 


TABLE II 


Fractions. Yield. Melting point. Rotation, [a}>° 
(in chloroform). 


I 0.60 g. 136-138° -52°.1 
II 0.24 133-137° -50°.8 
Ill 0.13 125-131" -41°.5 


These fractions were worked up as recommended by Callow (loc. cit.) and 
recrystallised from pure ethyl acetate until no further alteration in specific rotation was 
noted. The sterol benzoate, thus obtained, had its m.p. 137-39° and [2]3', —52°.6 
(in chloroform). (Found. C, 83.10; H, 10.39. C3,H,;,0. requires C, 83.41; H, 10.44 
per cent). 

Hydrolysis of the Benzoate.—Pure benzoate (o.5 g.) was heated on a water-bath 
with 25-30 ml. of 3% ethanolic caustic potash for about 20 minutes. The sterol, separa- 
ted on cooling and treating the reaction mixture with water, was washed with water and 
a little dilute alcohol and recrystallised from 95% ethyl alcohol and dried under vacuum 
over P,O;. The recovered sterol had itsm.p. 127-28° and specifte rotation in chloro 
form, [*]>'=—-77°.3. 

Sterol Acetate.—The sterol {0.2 g.) was heated with 2-3 ml. of pure acetic anhydride 
(distille1 over chalk) in a small porcelain basin covered with a watch glass over a small 
flame. The solution was ailowed to boil slowly for 10-15 minutes and then the excess of 
acetic anhydride was evaporated off on a water-bath. ‘The contents of the basin were 
next heated with a few ml. of absolute alcohol in order to prevent immediate solidifica- 
tion, and when cold, treated with water ; the solid mass obtained was washed with water 
and dilute alcohol; finally it was recrystallised from absolute alcohol and dried over P,0Os, 
m.p. 120-22° ; specific rotation, [*])*=—70°.1 (in chloroform). 

The sterol regenerated from the acetate by mild hydrolysis with 2% aqueous meth- 
anolic caustic potash and crystallised from 95% ethy! alcohol and dried in vacuum had 
m.p. 127°-29° ; [*]o°=—77°.4. 

Colour Reactions of the Sterol.—The sterol gave positive Liebermann and Lieber- 
manun-Burchard reactions and a negative Tortelli-Jaffe test. In the Rosenheim reaction 
(Rosenheim, Biochem. J., 1929, 28, 47) with trichloroacetic acid it showed a slightly 
pinkish colour and with chloral hydrate it displayed the colour changes from reddish to 
pale violet to pale blue and finally deep blue. 

Unsaturation.—For the determination of unsaturation in the sterol molecule the 
method of Reindel and Niederlander (Annalen, 1929, 475, 147) was employed. A speci- 
men of cholesterol ‘If. Merck) was taken for a comparative study along with the sterol. 
The experimental data and results are recorded in the following table. 
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Tasieé Ul 


Substance.. Wt. N/to-Br N/10-Br N/10-Br N/1-Br N/10-Br requ- Number of 
inCCl in excess. transfor- required ired foreach double bonds 
added. medto HBr to saturate double bond. found. 


in blank. double bond. 


Chloesterol 0.0952 g. 24.9) ml 17.30 ml, 1.20 mi. 6.49 mil. 4.97 ml 1.3 
Sterol 0.0517 15.01 11.02 1.14 2.85 2.49 I.1 


The number of double bond in the sterol therefore seemed to be one. The slightly 
higher values obtained might be due to the bromine solution partially oxidising the OH 
group and forming hydrobromx acid. 

The authors wish to acknowledge their indebtedness to Sri Promode Ranjan Das 
Gupta, M.Sc. of this laboratory for his valuable assistance in the chromatographic 
purification of the sterols vi *: have been reported in this paper. 
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DISTR*BUTION OF THE SPARINGLY SOLUBLE SALTS IN PERIODIC 
STRUCTURES. PART II 


By M. C. Rastoci 


Liesegang rings of six different substances have been analysed with a view to ascertaining the 
amount of sparingly soluble salts in the rings and in the clear spaces or in the alternate bands where 
there occur no clear spaces. 


In a previous communication (this Journal, 1951, 28, 125) it has been shown that the 
amount of the sparingly soluble salts per gram of gel in the case of rings separated by 
clear spaces differs widely, while in the case of alternate bands of precipitates separated 
by bands of peptised sol, the amount is almost the same. This study has been 


extended further, in order to obtain a more comprehensive idea about the distribution 
of the sparingly soluble salts in the bands of each type. 


ExPERIMENTAL 


The experimental method is the same as given in the previous communication ‘loc 
cit.). 5% Gelatin or 1% agar-agar was used. Gel solutions containing 1 g. barium and 
mercuric chloride and silver nitrate per 100 g. of the solution were prepared and poured 
into a series of tubes. After the gel had set 30%, 20% and 10% normal sodium phos- 
phate, potassium iodide, sodium thiosulphate, potassium ferrocyanide, and 10%, 5% and 
2.5% sodium borate and ammonium molybdate were allowed to diffuse from the top of th 
tubes. The rings were analysed after two weeks. The following device for removing 
the gel was used. The corks at the top of the tubes were removed and the diffusing 
electrolyte was poured back. ‘Then the tubes were dipped in water at about 80° for a 
second or two as the case might be. This had the effect of loosening the gel adhering to 
the glass and the entire structure could be easily slipped on the glass plate. The struc- 
tures were then cut separately into rings and clear spaces or in bands by means of a 
safety razor blade and analysed. The resuits of the analysis of both types of rings are 
given below. 

Type I: Rings separated by clear spaces 


TABLE I 
Barium phosphate rings in agar-agar 


Distribution of Ba as BaSO, in rings and clears spaces: 


No. Ring or space. Wt. of ring or Wt. of BaSQ, Wt. per g. Relative amt. 
space. ; per g. of gel. 

I Ring 0.4430 g.- 0.0114 g- 0.0257 3-57 

2 Ring 0.3096 0.0144 0.0465 6.47 

3 Ring 0.3710 0.0154 0.0416 5 80 

4 Clear space 0.1724 0.0012 0.0672 1.00 

5 Clear space 0.3434 0 0026 0.0075 1.04 
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Type Il: Banded structure in the otherwise Coniinuous Precipitate 


Band. 


Red 
Yellow 
Red 


Band. 


Black 
Grey 
Black 
Grey 


Band 


Whitish 
Blush 
Whitish 
Bluish 


Band. 


White 
Black 
White 
Black 


TABLE II 


Mercuric iodide bands in agar-agar. 
Distribution of Hg as HgS in bands: 


Wt. of band. Wt. of HgS. Wt. per g 
of gel. 
0.2240 g. 0.0008 g. 0.0035 g- 
0.2256 0.0008 0.0035 
0.2128 0.2010 0.0047 
Tasie II] 
Silver thiosulphate bands in gelatin. 
Distribution of Ag as AgCl in bands: 
Wt. of band. Wt. of AgCl. Wt. per g. 
of gel. 
1.1010 g 0.0178 g. 0.162 g. 
0.5873 0.0090 0.154 
0.5508 0.0080 0.0156 
© 4092 0.0064 0.0157 
TABLE IV 
Silver ferrocyanide bands in gelatin. 
Distribution of Ag as AgCl in bands: 
Wt. of band. Wt. of AgCl. Wt. per g. 
of gel. 
0.4712 g. 0.0076 g. 0.0161 g. 
0.130 0.0016 0.0123 
0.3084 0.0036 0.0119 
0.1066 0.0012 0.0113 
TABLE V 
Silver molybdate bands in gelatin. 
Distribution of Ag as AgCl in bands: 
Wt. of band. Wt. of AgCl. Wt. per g. 
of gel. 
o 1850 g, 0.0088 g. 0.0476 g. 
c.2208 0.0102 0.0452 
0.2198 0.0106 0.0482 
0.2532 0.0092 0.0364 


Relative amt. 
per g. of gel. 
1 00 
1 00 


1.34 


Relative amt. 
per g. of gel. 
1.05 
1.00 
1.01 


1.02 


Relative amt 

per g. of gel. 
1.42 
1.08 
1.05 


1.00 


Relative amt. 

per g. of gel. 
1.30 
1.24 
1.32 


1.00 
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TABLE VI 


Silver borate bands in gelatin, 
Distribution of Ag as AgCl in bands: 


No. Band. Wt. of band. Wt. of AgCl. Wt. per g. Relative anit 
of gel. per g of gel. 

I Black 0.4068 g. 0.0074 g 0.0182 1.14 

2 White 0.3824 0 0068 0.0178 Itt 

3 Black 0.2308 0.0058 0 0251 1 59 

4 White 0 5586 0.0080 0 0159 1.00 


Piaecvsste 2 


‘Two types of rinys have been given by Dhar and Chatterji and co-workers 
(Koiloid Z., 1922, 81, 15; 1925, 387, 2, 89; J. Phys. Chem., 1924, 20, 41). ‘The 
claim of supersaturation theory to explain the rings separated by clear spaces which 
belong to the periodic structures of the first type can be understvod, but theories fail 
to explain the second type of bands. It may be argued that after the release of supersa 
turation, the clear space is saturated with sparingly soluble substance or, on the other 
hand, according to adsorption theory, the incomplete or partial adsorption of the solute 
by the precipitate may leave some of it near the precipitate to produce scanty deposits 
instead of complete absence of the sparingly soluble salt. Hence, two consecutive rings 
will not be separated by absolutely clear spaces, but these clear spaces will be contami- 
nated more or less by the sparingly soluble salt. The net result will be that the amount 
of the sparingly soluble salt per gram of gel in alternate bands will not be equal, but it 
will vary as in the case of rings separated by clear spaces. But tkis is not actualty the 
case, the alternate bands contain almost cqual amounts of the sparingly soluble salt. The 
more feasible explanation of the phenomenon was offered by coagulation theory of Dhar 
and Chatterji (J. Phys. Chem., 1924, 28, 41}. According to them, the second type of 
banded structures are produced by the substances which have the property of not 
adsorbing their own sol and hence alternate bands of precipitate and of peptised sol are 
formed. ‘Therefore, the amount of the sparingly soluble salt per gram of gel in alternate 
bands will almost be the same, while in the case of the first type, the amount will vary 
widely. The results, obtained here, support the above view, as rings of barium phos- 
phate, which belongs to the first type, the amount of the precipitate per gram of gel varies 
widely from those in the clear spaces, while in the cases of mercuric iodide, si!ver borate, 
silver molybdate and silver ferrocyanide structures, which belong to the second type, the 
sparingly soluble substances in both the bands are almost the same. 

The author’s thanks are due to. Dr. A C. Chatterji for helpful guidance. 


CHEMICAL LABORATORIES, Received July 12, 1951. 
Lucknow UNIVERSITY, 
LucKNow. 














{ Jour Indian Chem. Scc., Vol. 38, No. 12, 1951] 


SELF-GLAZED CLINO-ENSTATITE BODIES 
By H. N. Das-Gupra anp S. K. CHATTERJEE 


Self glazed Clino-enstatite bodies have been obtained from talcum, and a glassy mass has been 
prepared from orthoclase and ferric oxide. The glossiness is due to accumulaticn of a thin laver of a 
terruginous compound on the surface, the nature of which is identical with that of the cordierite 
bodies. The electrical characteristics of these are similar to those recorded for the improved bodies 
It has been shown that. the alkali metals in the body composition do not always affect the electric 
properties. The difference between the softening point and the densification temperature is also 
appreciable. 


In recent years the mineral talc has come to be regarded as an important ingredient 
for high frequency ceramics, the production of which is rapidly increasing. Merits 
claimed for talc in such bodies have been stated to be that : 


(1) It is a cheap source of magnesia. 

‘2) It imparts to the body a high resistance to thermal shock and a high electrics] 
resistance at elevated temperatures. 

‘3) It has a high specific heat and is resistant to acids (Hagar, Ceram. Age, 1933, 
21, 74; King, Ceram. Ind., 1935. 25, 70). 


The electrical characteristics of the bodies prepared from tale depend, however, on 
the nature of the crystals formed and they are preferably called after the crystals that 
predominate in their structure ‘Rosenthal, ‘Porcelain and other Ceramic Insulating 
Materials’, 1944, Vol. I, p. 251}. A greater number of uniformly distributed clino-ensta- 
tite crystals occur per unit area in clino-enstatite bodies. These bodies possess a low 
power factor, average dielectric constant and a high mechanival strength. 


Talc decomposes into enstatite and amorphous silica at about 1000°, and the 
inversion of the enstatite to clino-enstatite, MgU-SiQ,, takes place between 1200° and 
1300° with conversion of the amorphous silica into crystobalite (Ewell, Bunting and 
Geller, J. Res., U. S. Nat. Bur. Standards, 1935, 15, 551). On the other hand, it 
fuses suddenly at 1500° without showing any sign of softening and remains porous 
even at a temperature of a few degrees below its fusion point. Previously, for producing 
a dense and vitrified body from tale at a temperature well below its fusion point 
fat 100°}, addition like clay aud feldspars was made. In improved clino-enstatite 
-bodies, however, the use of feldspar has been given up in favour of fluxes like barium, 
strontium and magnesium carbonates. The glassy matrix formed by feldspar is 
supposed to prevent the clino-enstatite crystals from imparting their favourable dielectric 
characteristics (Rosenthal, loc. cit.). 


Viewed qualitatively, the constituents of the vitreous phase is practically common 
in either case, only the improved body contaius an alkaline earth oxide in place of K,O. 
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“The evil effect of feldspar may therefore be due either to the very presence of the 
alkali metal or to the manner in which it is placed in the vitreous mass. ‘The literature 
shows that the type of alkali metal exerts some influence on the electrical properties. 
Thus, for bodies containing feldspar, orthoclase is used in preference to albite, as the 
latter has a detrimental effect on power loss (Newcomb, “‘Ceramic Whitewares’’, 1947, 
Pp. 258). 


If the aforesaid suggestions be entertained, the electrical characteristics of clino- 
enstatite bodies containing feldspars of the bivalent metals should be similar to those 
of the improved bodies. ‘This, naturally, suggests the use of anorthite or celsian, 
etc., being made. We have, however, preferred using a glassy mass, prepared from 
K-feldspar and iron oxide, as a substitute for orthoclase. This has been supposed 
to be a solid solution of iron analogue of anorthite, FeAl,Si1,0, and iron orthoclase, 
KFeSi,O,, and contains very little alkalies {Das Gupta and Chatterjee, this Journal, 
1951, 28, 582). There are two-f2ld reasons behind such preferential choice: Firstly, to 
use a cheap material containing very little alkali; secondly, to see if the new com- 
position gives a seli-glazed product. This lutter aspect of the problem appears to 
be useful for manifold reasons. Thus, excepting for cordierite bodies (Thiess, J. 
Amer. Ceram. Soc., 1943, 26, 99), no attempt has been made at preparing a self-glazed 
clino-enstatite body. Again, the ‘Steatite’ bodies are characterized by an extremely 
small thermal expansion. In actual practice it is very difficult to develop a glaze 
having an equally low thermal expansion. Lastly, complete densification was expected 
to take place at a relatively low temperature. 


It has been found feasible to prepare a self-glazed clino-enstatite body using the 
aforesaid iron-feldspar as a flux. Compositions and other characteristics of only two 
of the best bodies (Nos. 6 and 7) have been included in the experimental portion. 
The electrical properties appear to be similar to those recorded for the improved 
bodies. ‘To test if the presence of the alkali metals in the glassy matrix is always 
harmfui, several trials were made from mixtures containing varying proportions of 
talc, China clay, potash feldspar, iron oxide, with or without a second colouring oxide. 
Satisfactory results could be obtained from some of these compositions. Their 
electrical characteristics too are almost identical with the body No. 7. This shows 
that the alkali metals are not aiways prejudicial. 

Like self-glazed cordierite bodies (Das Gupta and Chatterjee, ibid., 1951, 28, 611) the 
glossiness is due to accumulation of a thin layer of a ferruginous compound on the surface. 
In each, case the surface of the fracture has the appearance of that of a normal insulator 
body. Under microscope, tiny specks of clino-enstatite crystals could be identified. 
The difference between the softening point and densification temperature is aiso appreci- 
able. Necessary tests were performed only on those samples that appeared to be very 
satisfactory. 

EXPERIMENTAL 


‘Table I shows the ultimate analyses of the main ingredients used in the present 


investigation. 
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TABLE I 
Substance. SiO. Fe, . FeO. M,03. CaO. MgO. Alkalies. Loss. 
Talc 61.76% 0.10% — 1.80% 2.06% 30.24% - 4.08 % 
China clay 52.25 0.59 _ 33-70 1.30 0.995 I 30% 9.50 
Potash feldspar 64.01 0.71 * 0.13% 19.54 0.43 «06 14.92 0.30 
Synthetic iron feidspar 64.20 0.34 14.70 20.01 0.38 0.04 0.36 ” 


* Total iron as Fe,Q3. 


Investigation has shown that the magnesium silica 1atio in tale ranges from 1:1 
to 4:3 and the water-content from 3 to over 7% (cf. Foshag and Wherry, Amer. 
Min. 1922, 7 No. 44, 167). From Table J, it is seen that the percentage com- 
position agrees more closely with the formula, 3Mg0.4SiO,.H.O. Besides, it is 
a lime-bearing talc from Jaipur, with a CaO content of 2.06% and is expected to give 
better results. 


Sufficient quantity of talc was previously calcined at 1310° with a view to convert- 
ing it mostly into clino-enstatite. ‘his calcined mass was used for different trial 
experiments. The other ingredients were finely ground to pass 100 mesh _ sieve. 
In order to bring uniformity in composition, mixing was done in a pot mill for 48 hours 
Trial pieces, either as blocks or as small tiles, were prepared by dry pressing. ~-Perfect- 
ly dried samples were fired in a muffle furnace at 1300°-1310°. The maximum tem- 
perature was attained during 36 hours and a period of 10 hours was allowed for soaking. 
This was followed by the cooling process covering 45 hours. Table lI shows only 
those compositions that yielded satisfactory results, and all particulars in respect of 
physical properties have been included in ‘Table III. 


TABLE II 


Body number 


Ingredients. z a. 3- 4. 5. 6. 9. 
Calcined tale (%) 60 55 55 55 55 60 55 
Potash feldspar (%) 38 42.5 36 34 33 ww wi 
Fe,O3 (%) 2 2.5 3 2.5 2.5 ae ‘as 
China clay (%) - ~ 6 6.5 7 - 10 
MnO, (%) — — 2 2.5 _ i 
Synthetic iron feldspar (%) — — ‘ai _ i 40 35 


Superficially, the proportions of talc and clay may appear to be low. The literature 
shows that the best vaiue with regard to power factor is attained by a body (improved) 
consisting of talcum (80 parts), clay (20 parts) and barium carbonate (50 parts). This 
will show that there has not been appreciable departure from a tried composition. 





Body No. 


n 


~ 


“I 


Comparatively, bodies (2), (3) 
these were examined under microscope (petrological). 


H. 


N. 
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Hardness (Moh's scale). 


7-8 

a 

Ss 
7-5 
a3 
x 

8 


shown in Table IV. 


The minerals are fine grained. 
extinction and moderately high birefringence ; high refractive indices) are present. 
Crystals are slightly more coarse grained than in (2) & (3). 


S. K. 


Tassie III 


Porosity. 


Nil 


” 
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Appearance. 


Light brown, glossy 


Brilliant light brown, glossy 





Light creamish brown, glossy 


Light chocolate, glossy 


Matt creamish chocolate 


Deep yellowish brown, glo-sy 


Brilliant light yellowish brown 


and (7) appeared to us more perfect and, as such, 


TABLE IV 


The report of such a test is 


Tiny specks of clino-enstatite (needles showing oblique 


Larger portion of clino- 


enstatite (ZAC about 20°), high refractive indices and moderately high birefringence. A 


few turbid grains, comparatively fine in size, could not be specifically identified. 


For mass production, the difference between the fusion point and the densification 


temperature needs be high. 
densification and porosity of bodies (2), (3) amd (7). 


Table V gives information about fusion 
These bodies were heated to 


different temperatures for periods varying between 24 and 29 hours. 


Temp. 


1180° 
1200" 
1220° 
1250° 
1280° 
1300° 
1330° 
1345° 
1360° 
1375" 
1390° 


Duration. 


24 hrs. 
24.5 
25 
26 
27 
27-5 
28 
28.5 
29 
20 


29 


Fuses 


TABLE V 

Density 

No.3. Noy 
2.66 2.68 
2.69 2.71 
2.74 2.75 
2.78 2.79 
2.81 2.87 
2.86 2 92 
2.88 2.94 
2.88 2.94 
2.90 2.96 
Fuses 298 

Fuses 


—, a ee ee 


No 2. 
28.8 


22.2 


1.83 
0.002 


Nil 


Porosity 
No. 3. 
30.6 
26.5 
21.2 
13.3 
2.84 
0.004 


Nil 





temperature, 


No. 7. 
29.4 
26.7 
22.03 
16.3 
3.2 
0.03 


Nil 


It is thus clear from the above table that there is a margin of at least 75°-90° for 


firing on a large scale. 
The electrical characteristics of these bodies have been included in Table VI. 
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TABLE VI 

Test. No. 2. No. 3. No. 7 Remarks. 
1. (a) Volume resistivity During this determination a gua-d ring 
at 700°C (200 volts, 60 was used to eliminate surface current, 
cycles) in ohms per cm. 2.6X 104 2.9 X 104 4-3 X 104 thus allowing the true volume resistivity 
(b) Do at 80°F >r1x10% >1xr0l4 >1xX104 — to be obtained. 
2. Dielectric constant 
(at 80°F), 60 cvcles/sec 8 95 8.07 7.4 Thickness of each test piece was 1/4”. 
1,000 kC ‘sec 8.6 7.7 6.8 
3(a). Dielectric strength (a) The test discs were 3” diam. and 1/4” 
(60 cycles, test discs thick. They were immersed in oi at 8oF’. 
1/4” thick) volt per mil. 115 o 133 Voltage at 60 cycles per sec. was increas- 
(b) For test discs 6” x ed from zero at the rate of 1.0 kV./sec. 
6” x 1/8” thick 132 138 145 until breakdown occurred. 


Table VI shows that excepting the values for dielectric strength, the other values 
are in close agreement with those recorded for improved clino-eustatite bodies. It is 
expected to bring about further improvements in this direction and this wil! form the 
subject matter for a future communication. 


CONCLUSION 


It is quite feasible to prepare self-glazed bodies from talc, China clay, and potash 
feldspar or its iron counterpart having clino-enstatite crystais. 

These bodies mature at 1300° and this is lower than the temperature, ordinarily, 
needed for firing improved clino-enstatite bodies (1400°). 

The ingredients are relatively cheap. 

For improved bodies, the use of potash feldspar is not always prejudicial. 

The authors’ grateful thanks are due to Sri N. N. Chatterjee, Head of the Department 

-of Geology, Caicutta University, for carrying out microscopic analyses on some of the best 


samples. 
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SYNTHESIS OF COMPOUNDS ALLIED TO CHLOROMYCETIN. PART I1 
By A. B. SEN AND D. D. MUKERJI 


The p-amino and p-methoxy analogues of chloromycetin have been synthesised for evaluation of 
the 'r therapeutic activity. 


The antibacterial properties of chloromycetin are more connected with the threo- 
configuration of the molecsle and the presence of a p-substituent in the phenyl nucleus 
than with the nature of the substituent (Buu-Hoi et. al., J. Chem. Soc., 1951, 255). 
In view of this fact the p-amino and the p-methoxy analogues of chlororamphenicol 
have been synthesised. 

Starting with acetanilide the p-amino analogue has been prepared following the 
method of Long and Troutman (J. Amer. Chem. Soc., 1949, T1, 2649) through the follow 
ing stages: 




















po. BICH,COBr, so | we omg CHg 6X, 
no € rea porate. — _»- COCH,Br~—— 
— in CS, or a in CHCl, 
‘B) O 
(A) mst 
r—€ S—C—CH,Br (CHaygN, 
(C) 
O 
EtOH R po Ac,O & HCHO 
—ae en —> p/ ae eo, ——P> LR— aque 
& HC! Wer 9 . maton Fe Na hen )~ CCH NaHCO, 
HCl NH 
{(D) (EF) 
O=C—CH, 
O H 
4 ‘ I 
R-€ = S—C—C—CH,OH 
I NH 
O=C—CH, 
Q:-=C—CHs 
H N—H 
Al (iso-OC3H?)3 - | | 5% HC! i 
—— - R—-¢ ee R’- g S—CHOH.CHNH,.CH,OH 
= | =—/ 
(G) OH H (H: 


R for—( ICH, or CH,CONH— 
R’ for NB, 


Condensation of p-acetamido-@-acetamidoacetophenone ‘E) with formaldehyde 
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proceeded satisfactorily. The reduction of the propiophenone (F) derivative, thus 
obtained, was accomplished with aluminium isopropoxide. The principal product so 
obtained is the desired threo racemate. 

The p-methoxy analogue has also been synthesised independently by following the 
same method. The details are nut included in this paper as Buu Hoi ef al. 
have already published results of their imvestigation (loc. cit.}. In this case the only 
difference was in the preparation of the phenacyl bromide (B), which was obtained by 
us by dissolving anhydrous aluminium chloride in nitrobenzene, to which was added 
slowly anisole and bromoacetyl bromide, keeping the temperature ato°. This modifica- 
tion was introduced as it had been observed by Barnes and Gordon (J. Amer. Chem. Soc., 
1950, 72, 5308) that often demethylation was effected in the Friedel-Crafts reaction when 
carbon disulphide was used as a solvent. We further observed that the yield of the 
p-methoxyphenacyl bromide improved from 30-35% to 65% when nitrobenzene was 
used as a solvent. 


Exc PERIMENTAL 


Preparation of w-Bromo-p-acetamidoacetophenone.—The side-chain substituted 
bromoketone was prepared in good yield ‘70%) by slightly modifying the method 
of Kunckel (Ber., 1900, 38, 2641, 2644). 

To a well stirred mixture of 15g. of acetanilide ‘o.1 mole), to5c.c. of dry. car- 
bon disulphide and 50 g. of bromoacetyl bromide, was added pu!verised aluminium 
chloride (52.5 g, 0.4 mole). A large amount of heat was evolved and the reaction 
became vigorous. ‘To moderate the reaction it was cooled with water. After keeping 
for 6 hours at the room temperature, it was refluxed on a water-bath for about an hour. 
The carbon disulphide was then distilled off and the thick liquid was poured in crushed 
ice containing a little concentrated hydrochloric acid. The solid so obtained was 
filtered and recrystallised from n-amy] alcohol, m.p. 190°, yield 22 g. 

Hexamethylenetetramine Salt of p-Acetamido-w-bromoacetophenone.—To a well 
stirred mixture of powdered hexamethylenetetramine ‘v.06 M, 8.8 g.) im 52 &.c. of dry 
chloroform was added iv one portion with stirring, p-acetamido-w-bromoacetphenone 
(0.05 M, 13 g.) in 52 ¢.c. of dry chloroform. ‘Ihe temperature was raised to 50°-52° and 
maintained for 4 hours. The mixture was cooled to 30° and filtered. The filtered 
cake was stirred with 24 c.c. of ethanol and filtered, m.p. 186° (cf. Chem. Abst., 1915, 
1610). 

p-Amino-@-aminoacetophenone Hydrochloride.—The hexamethylenetetramine salt 
obtained from 13 g. of p-acetamino-w. bromoacetophenone was added to a solution ‘25°) 
of 42 c.c. of ethanol (95%) and 18 c.c. of concentrated hydrochloric acid in a 250 c.c. 
three-necked flask fitted with a stirrer and a thermometer. A red solution was forined 
at first, after which crystals of the hydrochloride began to separate out. The stirring 
was continued at room temperature for 12 hours. After which it was cooled to 5° and 
filtered. The crystalline product consisting of the amine hydrochloride and ammonium 
chloride was then stirred for 15 minutes with 25 c.c. of water ‘25°),-and filtered. ‘The 
product was dried in vaci:o over calcium chloride, m.p. 204°-206°, yield 10 g. (Found: 
C, 52.0; H, 5.3; N, 14.6. Calc. for C,H,,ON,C1: C, 51.4 ; H, 5.8; N, 15.0 per cent) 
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p-Acetamino-%-acetaminoacetophenone.—p-Amino-*-aminoacetophenone hydrochlo- 
fide (to. g.) was mixed with 40 c.c. of water and gv g. of chipped ice in a 250 c.c. 
three-necked flask. Acetic anhydride {13 g.) was added to the mixture and stirred for 
5 minutes, while a solution of 17.5 g. of sodium acetate (crystalline) in 65 ¢.c. of water 
was added rapidly.. The solution turned red and crystals gradually separated out. 

The mixture was then further stirred until the temperature was raised to 20°. It 
was then made acidic with concentrated hydrochioric acid and filtered. The pale yellow 
product was.washed several tines with water and dried, m.p. 218-20°, yield 5.5 g. 
(Found : C, 61.0 ; H, 5.8; N, rr. 4. Cale for C,2zxHy,OsN,:C, 61-5; H, 6.0; N, 11.06 
per cent). 

p-Acetamino-@-acetamino-8 -hydroxypropiophenone.—To p-acetamino-2-acetamino- 
acetophenone ‘5. g.) were added 12 c.c. of 95% ethanol and 4c.c. of 36-38% aqueous 
formaldehyde in a:250.c.c. three-necked flask, fitted with a stirrer and a thermometer. 
Sodium bicart ate (0.2 g.) was added and the mixture was stirred for 2 hours at 35°. 
A clear solution was formed after stirring for a short whiie. Stirring was continued for 
two hours and crushed ice was added to it till a turbidity appeared. It was then left ina 
refrigerator overnight for settling down the crystals. The crystalline product was then 
filtered and dried, m.p. 58-60°, yield 4 g. (Found: C, 60.0. H, 5.0; N, 1.2; 
Cale for C,;H,.O.N, : C: 50.0; H. 5.3; N, 10.6 per cent). 

dl-threo-1-p-A cetamidophenyl-2-acetamido-1:3-propanediol.—p-Acetamido-x-acetamido- 
-8-hydroxypropiophenone (3.5 g.) was added to a hot solution of freshly distilled 
aluminium isopropoxide (6 g.} in 50 c.c. of dry isopropyl a'cohol in a 100 c.c. flask 
equipped with a stirrer and a Hahn condenser. After a few minutes’ stirring an opaque, 


red-brown solution was formed. Stirring and removal of avetone was continued for 


4 hours. 

The thick red-brown residue was allowed to cool just below reflux temperature 
The mixture was then refluxed for 15 minutes 
of isopropyl 
was 


and 5 c.c. of water were then added. 
and filtered. The residue was twice refluxed with additional 25 c.c. 
alcohol. The combined extracts were concentrated in vacuo and the residue 
refluxed with 20 c.c. of ethyl acetate till the oily material dissolved. It was cooled to 20° 
and filtered. The crystalline product so obtained was recrystallised from water, m.p. 
183-85°, yield 0.6 g. (Found: C, 57.0; H, 6.3; N, 10.2. Calc. for C,,;H,,0.N;: 
C, 57.9; H, 6.7; N,.10.5 per cent). 

dl-threo-1-p-A minophenyl-2-amino-::3-propanediol.—A mixture of the diacetyl 
derivative (0.3 g.) and 5 c.c. of 5% hydrochloric acid was heated on a steam-bath with 
occasional swirling. The solid dissolved within a few minutes and the resulting 
solution was heated foran hour at 95°. ‘Ihe pale yellow solution was cooled to 20° and 
made strongly basic with 20% aqueous sodium hydroxide. It wasthen extracted 
several times with small portions of ethyl acetate. The combined extracts then 
dried with anhydrous sodium sulphate and filtered. On concentrating the ethyl acetate 
extract in a dish, the desired substance was obtained, m.p. 93-95°, yield o 15 g. 
(Found: C, 59.0; H,/7.33 N, 14.8. Cale for C,H,,O,N.: C, 59.34; H,7.7N, 15.38 
per cent), 
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Formaldehyde, production of, by the interaction of carbon monoxide and hydrogen 
under silent electric discharge (Sahasrabudhey and Deshpande) - TT 
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& Sethna) sii ; i 213 
Nascent hydrogen (Srikantan) uu & 
Nickel ammines (Shaw & Ghosh) 185, 1900 
Nickel benzimidazole (Ghosh) 711 
Nickelous hydroxide, influence of heating, ageing and dehydration of, on its 
solubility in aqueous ammonia solutions (Shaw & Ghosh) 185 
influence of the presence of neutral and ammonium salts on the solu- 
bility of (Shaw & Ghosh) ee ob ba i 
Nitration of the sulphides of 8-naphthol and methyl salicylate (Airen end Kul- 
karni) i F 211 
Nitrite, estimation of, in presence of hyponitrite (Oza % Dipali) —— 
Nitropropiophenones (o0- and p-), preparation of (Ray Chaudhari & Ghosh) .-. 563 
Nitrous acid, interaction of, with thiocarbamides amd’ amides (Sabasrabudhey) swe 389 














SUBJECT INDEX 759 


Oo 

PAGE 

Orcacetophenone monomethyl ether, condensation of, with ethyl acetate, propio- 
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Read for 
3 2H*—>2H Fast 2H—>2H Fast 
7* cadmium zinc 
8* zinc cadmium 
2 
3* Read the formulaas P,=P, +42Ne 
oKT 
OH 
 * 


Read structure III (cardol) as 
OH J —-CisHar 


15 2HCOO’ 2HCOO 
18 2HCOO 2HCOUW’ 


Last 
formula 2(HCO).0.—2HCO),0+0, 2(HCO),0.—>2(HCO),0 +O, 


2H,0+4CO 2H,0+4CO 
Table I, column 3, the dagger sign to be 
line 3* shifted to p-nitrophenyl-B-N-S 
(next line) 
Below Fig. 1. Curves I-III Curves I-II 
o Potentials given in II and III potentials given 
51* +0.37 x 107° +037 107° 
CO 
| | CH-CH,R 
Read formula (1) as | 
NH 
1” 
CH; 
18 framework of the framework the of 
Table X, column 1, line 7 1000K.C./sec. 1000K.V./sec. 
Table IV, column 1, ohms per cm* ohms per cm. 


line 3 
3rd columm, line 5 120 0 








